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SYNERGY MICROWAVE CORPORATION is an innovative leader in the design and 
manufacture of RF and microwave signal processing components. All of our products 
utilize state of the art design and manufacturing technology as we strive for customer 


satisfaction and engineering excellence. 


Our "Standard Parts Catalog" includes the answer to virtually all of your signal 
processing needs, including double balanced mixers, image reject mixers, quadrature 
I.F. mixers, power dividers, couplers (directional and bi-directional), modulators 
(single sideband, bi-phase and quadra-phase), filters (low pass, bandpass and high 
pass), frequency doublers, phase shifters, phase detectors, attenuators, transformers 


and more. If you don't see it, just ask. 
We, here at Synergy, take pride in our consistent high quality, the best price/ 
performance ratio possible, responsive sales and applications assistance, and an 


answer to every question. 


Synergy Microwave ... we're not just a components source, we're your partner. 
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‘QUALITY ASSURANCE 


Synergy’s Quality Assurance Program is governed by an 
inhouse Quality Assurance Manual which is structured around 
MIL-Q-9858 (Quality Program Requirements) and, as such, 
encompasses the requirements of MIL-1-45208 (Inspection 
System Requirements), and ISO9000. It is regularly 
maintained and updated. 


The calibration of test equipment is controlled by Quality 
Assurance and is in conformance with MIL-STD-45662 
(Calibration of Test Equipment), and is traceable to the 
National Bureau of Standards. 


Synergy's workmanship standards are governed by 
"Synergy Microwave Workmanship Standards" manual, which 
encompasses the requirements of MIL-STD-454 (Standard 


INCOMING PARTS KIT 
RAW MATERIAL epee 
RECEIVED INSPECTION CREATED 
PRE ENCAPSULATION PRE ENCAPSULATION 
INSPECTION TESTING ASSEMBLY 
ENCAPSULATION eee 
SEALING 


FINAL FINAL 
INSPECTION CLEANING 


PRODUCT 
INVENTORY 
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FINAL ELECTRICAL 
TESTING 
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General Requirements for Electronic Equipment). Synergy 
is also capable of workmanship standards in accordance with 
DOD-STD-2000 (high quality/high reliability soldering 
technology). Our products are assembled by trained 
personnel under strict supervision and inspection methods 
to insure quality and reliability. In addition, all devices (100%) 
are tested and final inspected prior to shipment. 


Synergy Microwave knows that quality incorporates 
dedicated people working together within a quality controlled 


environment to design, manufacture, test, and inspect each 
device produced. 


Below is how Synergy achieves such high standards. 


CUSTOM REQUIREMENTS 
DOCUMENTATION 


STANDARD 
DOCUMENTATION 


SEAL 
INSPECTION 


PALER we earl 


@-U BPE. 
WE LURE 
MICROWAVE CORPORATION 


ENVIRONMENTAL SPECIFICATIONS 


Synergy’s RF signal processing components are manufactured under a stringent quality assurance program and are 
designed to meet their published specifications, unless otherwise noted, over the operating temperature range of -55°C to 
+100°C and after exposure to the applicable environmental tests of MIL-STD-202F. 


The environmental capabilities of Synergy's products are mainly determined by the package type utilized in 
construction of the device. The following are the package classifications and the applicable MIL-STD-202 specifications 
that apply: 


(Throw oh-Hole) Metal Flatpack Plastic Flatpack 
Exposure Test 
Method/Test Method/Test Method/Test Method/Test 
Condition Condition Condition Condition 


103 103 
(90-95% RH, 40°C) | (90-95% RH, 40°C) 
(96 hrs.) (96 hrs.) 


105/G 105/G 
(656,000 feet) (656,000 feet) 


107/B 
(-55°C to +85°C) 


108/D 


Salt Spray (Corrosion) 


Humidity 


103 
(90-95% RH, 40°C) 
(96 hrs.) 


105/G 
(656,000 feet) 


107/B 
(-55°C to +85°C) 


108/D 
112/D 


Altitude 105/G 


(656,000 feet) 


107/B 
(-55°C to +85°C) 


108/D 


Thermal Shock 107/B 
(-55°C to +85°C) 


108/D 
112/D 


Life Test 
Seal 


High Frequency 204/D 204/D 204/D 204/D 
Vibration (10-2000 HZ, 20G) | (10-2000 HZ, 20G) | (10-2000 HZ, 20G) | (10-2000 HZ, 20G) 
(12 hrs.) (12 hrs.) (12 hrs.) (12 hrs.) 


Solderability 


208 208 
(95% coverage) (95% coverage) 


210/B 
(260°C, 10 sec.) 


211/A 
(2 lbs, 10 sec) 


211/C 
(1 Ib, 3 cycles) 


(95% coverage) 


210/B 
(260°C, 10 sec.) 


211/A 
(2 Ibs, 10 sec) 


211/C 
(1 Ib, 3 cycles) 


Resistance to 
Solder Heat 


210/B 
(260°C, 10 sec.) 


Terminal Strength 


211/A 
(2 lbs, 10 sec) 


Terminal Fatigue 


211/C 
(1 Ib, 3 cycles) 


Mechanical Shock 213/I 213/I 213/| 213/I 
(100G, 6 mS) (100G, 6 mS) (100G, 6 mS) (100G, 6 mS) 
Random Vibration 214/2F 214/2F 214/2F 214/2F 
(15 min.) (15 min.) (15 min.) (15 min.) 


Resistance to Solvents DAS ZAS axils: 215 
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ENVIRONMENTAL SPECIFICATIONS FOR SURFACE-MOUNT PACKAGES 


Synergy’s surface-mount RF signal processing components are manufactured under a stringent quality assurance 
program and are designed to meet their published specifications, unless otherwise noted, over the operating temperature 
range of -20°C to +70°C and after exposure to the applicable environmental tests of MIL-STD-202F. 


Package Outline Package Outlines 
(102S, 124S, 124SL (129, 133, 152, 134, 
139 147) 134S, 174S, 161, 165S) 


Method/Test Method/Test Method/Test 
Condition Condition Condition 


Package Outline 
154, 156, 159 


Exposure Test 


Salt Spray (Corrosion) 


Humidity 


Altitude 


Thermal Shock 


Life Test 

Seal 

High Frequency 
Vibration 


Solderability 


Resistance to 
Solder Heat 


Terminal Strength 


Terminal Fatigue 


Mechanical Shock 


Random Vibration 


Resistance to Solvents 
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103 
(90-95% RH, 40°C) 
(96 hrs.) 


105/G 
(656,000 feet) 


107/B 
(-55°C to +85°C) 


108/D 
112/D 
204/D 
(10-2000 HZ, 20G) 
(12 hrs.) 


208 
(95% coverage) 


210/B 
(260°C, 10 sec.) 


213/I 
(100G, 6 mS) 


214/2F 
(15 min.) 


215 


103 
(90-95% RH, 40°C) 
(96 hrs.) 


105/G 
(656,000 feet) 


107/B 
(-55 °C to +85°C) 


108/D 


204/D 
(10-2000 HZ, 20G) 
(12 hrs.) 


208 
(95% coverage) 


210/B 
(260°C, 10 sec.) 


213/I 
(100G, 6 mS) 


214/2F 
(15 min.) 


215 


103 
(90-95% RH, 40°C) 
(96 hrs.) 


105/G 
(656,000 feet) 


107/B 
(-55°C to +85°C) 


108/D 


204/D 
(10-2000 HZ, 20G) 
(12 hrs.) 


208 
(95% coverage) 


210/B 
(260°C, 10 sec.) 
211/A 
(2 lbs, 10 sec) 


211/C 
(1 Ib, 3 cycles) 


213/| 
(100G, 6 mS) 


214/2F 
(15 min.) 


215 
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90° Hybrids 

DQF=1017225- 130 
DQOE=102 aren 130 
DQE=103 foe 130 
DQF-104 ......... 130 
DQE-105 25 130 
DQF-106 ......... 130 
DQF=1Z0 hice 130 
DOE=1 21 neeer 130 
DOE=| 22 130 
DQE=123 eu 130 
DQE-151itaenes 130 
DOR-152 7 130 
DQE-153 ee. 130 
DOE=154 encte 130 
DOQF=156i 130 
DOE=1 Siar 130 
DOEsI53 mre 130 
DOQE=1 Gi 130 
DQE-1620ec. 130 
DQE=163ipeaes 130 
DQE=164 202-2 130 
DQE-1657- 2: 130 
DQF-166 ......... 130 
DPQE-167 fees 130 
DOQE-1B lke: 130 
DOF-301t ee" 130 
DQF-302 «.:.....- 130 
DOF-303SRa.- 130 
DQF-304 ......... 130 
DOE-s0 Sie: 130 
DOE-3 10s 130 
DOQF-330)-s 130 


DQK-100-500S 132 
DQK-10-100S .. 132 
DQK-10-50S .... 132 
DQK-15-150S .. 132 
DQK-20-100S .. 132 
DQK-20-200S .. 132 
DQK-2-125B .... 132 
DQK-2-16B...... 132 
DQK-2-200B .... 132 
DQK-25-2508S .. 132 
DQK-301 ......... 131 
DQK-30-1508S .. 132 
DQK-302 ......... 131 
DQK-303 ......... 131 
DQK-30-300S .. 132 
DQK-304 ......... 131 
DQK-305 ......... 131 
DQK-3107......... 131 
DQK-330 ......... 131 
DQK-3-32S ...... 132 
DQK-40-4008S .. 132 
DQK-45-450S .. 132 
DQK-50-250S .. 132 
DQK-50-500S .. 132 
DQK-5-50S....... 132 
DQK-60-300S .. 132 


DOK=(Oilseteas. «9 131 
DQK-702 ......... 131 
DQK-703 ......... 131 
DQK-70-350S .. 132 
DQK-704 ......... 131 
DQK-705 ......... 131 
DQK-706 ......... 131 
DQK-720 ......... 131 
DOK=/2i] act. 131 
DQK-122)0 acts. 131 
DQK-723 ......... 131 
DQK-751 .....:... 131 
DOK-/5222 131 
DQK-758 ......... 131 
DQK-754 ......... 131 
DQK-756 ......... 131 
DOK 5// tees 131 
DQK-758 ......... 131 
DQK-761 ......... 131 
DQK-/62)ir ae 131 
DQK-768 ......... 131 
DQK-764 ......... 131 
DQK-/652..- 131 
DQK-766 ......... 131 
DQK-767 ......... 131 


DQK-90-4508S .. 132 
DQP-100-500 .. 128 


DQP-10-100 .... 128 
DQP-10-50 ...... 128 
DQP-15-150 .... 128 
DQP-201 ......... 128 
DQP-20-100 .... 128 
DQP-202 ......... 128 
DQP-20-200 .... 128 
DQP-203 ......... 128 
DQP-204 ......... 128 
DQP-206 ......... 128 
DQP-206 ......... 128 
DQP-207 ......... 128 
DQP-2-125 ...... 128 
DQP-2-16 ........ 128 
DQP-220 mee: 128 
DQP-2-200 ...... 128 
DQP-221is. ac. 128 
DQP-222 ee 128 
DOQP-223 Fics 128 
DQP-251 ......... 129 
DOQP-252.-- 129 
DQP-25-250 .... 128 
DQP-254 ......... 129 
DQP-256 ......... 129 
DQP-257 ......... 129 
DQP-261 ......... 129 
DQP-262 «........ 129 
DQP-263 7 129 
DQP-264 ......... 129 
DOP-265 ......... 129 
DQP-266 ......... 129 
DQP-267 ......... 129 


DQP-2B1 ......... 
DQP-2C4 ........ 
DOP=2E 1c: 
DOP-2E2 irs: 
DQP=2hit.... 
18,0] 274 9 ie 
DQP-301 ......... 
DQP-30-150 .... 
DQP-302 ......... 
DOP-S03 mre 
DQP-30-300 .... 
DQP-304 ......... 
DQP-305 ......... 
DQP-310 ......... 
DQP-330 ......... 
DQP-3-32 ........ 
DQP-40-400 .... 
DQP-45-450 .... 
DQP-50-250 .... 
DQP-50-500 .... 
DQP-5-50 ........ 
DQP-60-300 .... 
DQP-70-350 .... 
DQP-90-450 .... 
DQS-100-500 .. 
DQS-10-100 .... 
DQS-10-50 ...... 
DQS-15-150 .... 
DQS-20-100 .... 
DQS-20-200 .... 
DQS-25-250 .... 
DQS-30-150 .... 
DQS-30-300 .... 
DQS-3-32 ........ 
DQS-40-200 .... 
DQS-40-400 .... 
DQS-45-450 .... 
DQS-50-250 .... 
DQS-50-500 .... 
DQS-5-50 ........ 
DQS-60-300 .... 
DQS-70-350 .... 
DQS-80-400 .... 
DQS-90-450 .... 
SLQ-30 1 creer: 
SLQ-302.......... 
SLQ-303.......... 
SLQ-304 .......... 
SLQ-305 .......... 
SLQ-310 .......... 
SLQ-380 .......... 
SEQ-5i tees: 
SUQ-O2 tr senc 
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129 
128 
129 
129 
129 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
128 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 
12 
127 
127 
127 
127 
127 


SLO-58 10: cones 126 
SEO-6 1 iecascases 126 
SUO-G27eeeesst 126 
SLQ-63 ......-.:-2: 126 
SLQ-64 ............ 126 
SUQ-65 twee 126 
SLO-66 «.......-. 126 
SLOQ-67 ............ 126 
SEOQ-68 Pree as 126 
SUQ-G9 orcas 126 
SEQ=7 OMecresscers 126 
SLQ-/ A ieee: 126 
SUL OQH 72) iactercecss 126 
SUEQ-13 tae. cee 126 
SUQ@/ Sie eremee 126 
SEQ-KOTiae: 126 
SLOQ-KO2Zereres 126 
SLQ-K04 ......... 126 
SLQ-KOS ......... 126 
SLQ-KO07 ......... 126 
SLQ-KO8 ......... 126 
SLQ-KO9 ......... 126 
SLO-K10 eres: 126 
SLQ-K20 -........ 126 
SLQ-KA2 ......... 126 
SLQ-KAS ......... 126 
SLQ-KA4 ......... 126 
SLO-KF1 ......... 126 
SLQ-KH1......... 126 
SMQ-C01 ........ 125 
SMQ-C02 ........ 125 
SMQ-C03 ........ 125 
SMQ-C04 ........ 125 
SMQ-C05 ........ 125 
SMQ-C66 ........ 125 
SMQ-C07 ........ 125 
SMQ-C68 ........ 125 
SMQ-CO9 ........ 125 
SMQ-C10 ........ 125 
SMQ-C711 ........ 125 
SMQ-C13 ........ 125 
SMQ-C20 ........ 125 
SMQ-C21 ........ 125 
SMQ-C22 ........ 125 
SMQ-C23 ........ 125 
SMQ-C371 ........ 125 
SMQ-C51 ........ 125 
SMQ-C82 ........ 125 
SMQ-C853 ........ 125 
SMQ-C54 ........ 125 
SMQ-C56 ........ 125 
SMQ-C57 ........ 125 
SMQ-C88 ........ 125 
SMQ-C64 ........ 125 
SMQ-C6€2 ........ 125 
SMQ-C63 ........ 125 
SMQ-C64 ........ 125 
SMQ-C65 ........ 125 
SMQ-C66 ........ 125 
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SMQ-C67 ........ 125 Alie2a ota. te 165 
SMQ-C68 ........ 125 Al=214 5 Aecece 165 
SMQ-C74 ........ 125 
SMQ-CB71........ 125 Bi-Directional 
S@-515. armen: 129 Couplers 
SO-52 ee 129 KAK-741 .......... 144 
SQO-53 2 cee 129 KAP-241 .......... 143 
SQ254 ee 129 KAP-5411 .......0.- 143 
S@-56treessese 129 KAP-841 .......... 143 
SQ25 (eee 129 KBE=143 ee 144 
SO-58 eee 129 KBK-741 .......... 144 
SQ-61teeheens 129 KBK-743.......... 144 
SO-622) sae 129 KBK-744 .......... 144 
SQ-63e. cea 129 KBP-243 .......... 143 
SQO-G4 ei craccestnee 129 KBP-543'-.:....... 143 
SQ-65e2 cen 129 KBP-843 .......... 143 
SQ-665 fesse 129 KCK-741.......... 144 
SG-6 eee 129 KCK-743.........2. 144 
SQ-68 meee ee 129 KCK-744.......... 144 
SO)-69 seers 129 KOF=2143\c cee 144 
SQ-/ Onset 129 KDK-741.......... 144 

KDK-743.......... 144 
180° Hybrids KDK-744.......... 144 
DJF=102me ee 135 KDP-243.......... 143 
DIE-103tees 135 KDP-543 .....2.... 143 
DUJE=104e ee 135 KDP-843.......... 143 
DFO Secor 135 
DUK-701) 2.2... 136 BPSK 
DJK=/O2@ eee 136 Modulators 
DJK-703 .......... 136 MES206 vce 101 
DJK-704 .......... 136 MF-208 ............ 101 
DIK=(05peeee 136 MF-210 ............ 101 
DJK-706 .......... 136 MF-216)23...203 101 
DJP=201 ene 134 MF=218b tence 101 
DUP=202Rees 134 MF-22020 at 101 
DJP-203 ee 134 MK-701S ......... 101 
DJP-204 .......... 134 MK-702S ......... 101 
DJP=205 eee 134 MK-7035 ......... 101 
DJP-=2A2....:....-. 134 MK-711S ......... 101 
DJP-OOiee ee 134 MK-712S ......... 101 
DJP-603 .......... 134 MK-7135 ......... 101 
DJP-604 .......... 134 MP-201 ............ 100 
SJL Sinner 133 MP-203 ..........:- 100 
Sole) 2a eee ies MP-205 ............ 100 
SMJ=C2 2a bese 133 MP 220 7remeere. 100 
SMJ-C4 ........... 133 MP-244iccectcces 100 
SMJ-G5 ........... 133 MP-213............ 100 

MP-215 100 
Attenuators\Switches MP-217............ 100 
AK-708 .........0- 165 SBM-C1 .....0:5.. 100 
AK-706 ............ 165 SBM-C2........... 100 
AKT Ole 165 SBM-K1 ........... 100 
AK= (il diereerene 165 SBM-K2 ........... 100 
Al-201e ee 165 
At-20 3c 165 
All-204 eee 165 

CALA wa earl 
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Directional Couplers © SDC-M-1......... 138 FIS70 Diem: 161 FHHS-64 ......... 158 FLHS-965 ....... 155 Frequency Doublers 
KAP-201 ........ 139 SDC-N-2 ........ 138 FNP-10.7 ........ 160 FHHS-680 ....... 158 FLP-100 0.0... 154 SEX-KS ele 145 
KAP-301 ......... 139 SDC-N-3 ......... 138 FNP-100 ......... 160 FHHS-795 ....... 158 FLP-1100........ 154 SLXAKS .ctesteecas 145 
KAP-302 ......... 139 FNP-120 ......... 160 FHE+109.258 157 FLAS ih 154 SLEKT Aes 145 
KBK-701 ......... 140 Directional Couplers  FNP-140 ......... 160 FRPA27 ec 157 PL Pctbat eo 154 SLY-KB) cel 145 
KBK-703 ......... 140 Dual High Power FNP-160 ......... 160 FHP-182 ......... 157 FLPC220%...0h 154 SMX-C1 ceveceeee- 145 
KBK-704 ......... 140 KEK-704DH .... 142 FNP-180 .......-. 160 FHR20!0.08 157 FUR AR AP 154 SMX-C2 voceesee 145 
KBK-705 ......... 140” FNP-200 ......... 160 FHS I oe 157 FUP SS seat 154 SMX-C3 Agi 145 
KBK-7A2B....... 140 Directional Couplers  FNP-21.4 ........ 160 FHP-270 soc. 157 FL R330 88 154 SMK-C4 Hoenn 145 
KBK-7A6S........ 140 High Power FNP-30')..298 160 FHP-410 ......... 157 FLP-495 .......... 154 SMXECE AR 145 
KBK-7C4......... 140 KEK-704H .......141 FNP-45 oo... 160 FAPM5ih. A 157 FLR55 ae 154 SMX-C6 ......... 145 
KBP-203 ......... 139 KEK-705H.......141 FNP-50 oo... 160 FHP-545 ......... 157 FLP570 tae 154 SMX-C7 Ales 145 
KBP-204 ........ 139 KEK-706H ....... 141 FNP-60 .......... 160 FHP-55  coccsssccs 157 FLP-66 ee 154 SMX-CB ......---- 145 
KBP-2A1 ......... 139 FNP-70 cece 160 FHP-64. o.....0.tc! 157 FLP-660 .......... 154 SMC Aes 145 
KBP-2A2 ........ 139 DC Block FNS-10.7 ........ 160 FHP-680 ......... 157 FLPAT 7 ee 154 XKe701 Los 145 
KBP-2A4 ......... 139 BLK-711N ....... 162 FNS-100 ......... 160 FHP-795 ......... 157 FLR=770 hace 154 XKE702 2 Ge 145 
KBP-2A6 ......... 139 BLK-721N ....... 162 FNS-120 ......... 160 FHS=10 8... 156 FLPB25 3.80 154 XKET03 nen 145 
KBP-2B4 ......... 139 BLK-712N ....... 162 FNS-140 ......... 160 FHS=127 ecco.ts 156 FLP-850 .......... 154 XPo20a ee 146 
KBP-303 ......... 139 BLK-722N ....... 162 FNS-160 ......... 160 FHS-182 ......... 156 Fietesa ae 154 XP-204 creccsseese: 146 
KBP-313 ......... 139 FNS-180 ......... 160 FHS-20/0)2.00 156 FLS-100 -2..-... 153 P2242... een 146 
KBP-314 ......... 139 Filters FNS-200 ........ 160 FHS-27 ........10 156 FLS-1100 ........ 153 XPH214 ceccssssees 146 
KCK-701 ......... 140 Bandpass FNS-21.4 ........ 160 FHS-270 .......0 156 FLSHISt oe 153 XP204 Aa 146 
KOK-703 ....... 140 =: ee 159 FNS3250 ..c..08 160 FHS-410 ......:. 156 FLS=154 caches 153 XPI846 «0 146 
<0 1/1) ae 140 FBP-140.......... 159 FNS30 2x... 160 FHS-45 (ds 156 FS 2205.88 153 XP2322-. ae 146 
KCK-7C1......... 140 FBP-200.......... 159 FNS-300 ......... 160 FHS-545 c...00 156 FLS ose ee 153 XP-402 oeccceeeee 146 
KCP-204 ........ 139 FBP ot 2s. 159 FNS-350 .......-- 160 FHS 556 156 Fie2as ees 153 XP-601 veesssseees 146 
KCP-281 ........ 139 PROMI 2. a 159 FNS-400 ......... 160 FHS-64 oc... 156 FES 3305 ae 153 XP-801 oeccsccceee 146 
KDK-701 ........ 140 FBPA45 sik 159 FNS=45 lease 160 FHS-680 ......... 156 FLS-495 ........-. 153 
KDK-702 ......... 140 FBP B0 sch 159 FNS-450 ........ 160 FHS-795 ...c00 156 FLS-55_ 0 153 Frequency 
KDK-703 ......... 140 ra -\ 2 159 FNS-50 ..cecees-e 160 FLS S70 ee 153 Synthesizers 
KDK-704 ......... 140 FBP {70 ci 159 FNS-500 ........ 160 Filters Fles6 pees 153 JPLH1705SA .... 42 
KDK-705 ........ 140 FaSe iscnt 159 ENS-60%) hac 160 Low-pass FLS-660 .......... 153 JPLH1710SA .... 42 
KDP-202 ........ 139 FBS-140.......... 159 FNS-70 ceccsseees 160 FLH-1100........ 155 PLS 7 e.o eS 153 JPLH1760S<A .... 42 
KDP-203 ........ 139 FBS3200 o.:::.0% 159 as = pee = 155 FUSs720. ee 153 JPLH1775SA .... 42 
KDP-204 ......... 139 FBS=24 oinciccs.s: 159 Filters FUH=4154 sscnnsist 155 FUG-825...08 153 JPLH1790S< .... 42 
KDP-213 ......... 139 FESO Muck 159 High-pass FLH=220 cose. 155 FLS-650 =x...02 153 JPLH1850S<A .... 42 
KDP-2B2......... 139 FESME tw 159 FHH=10 sce... 158 FLH4e ee 155 FLS-965 .......... 153 JPLH1880S<A .... 42 
KDP-303 ......... 139 FBS 50. cue 159 FHH-127 wi-c.-.2 158 FLH-33 ccsse.-0.t%: 155 JPLH2060S<A .... 42 
i» : 138 Fas Biel cn” 159 FHH-182 ......... 158 FUMH-630 0.598 155 Fixed Attenuators JPLH2320S<A .... 42 
SCL-4B-75 ...... 138 ary (ee 159 RHEE 202 ee 158 FLH-495 ...ccte 155 AFP-403 ....---.-. 147 JPLH2440S<A .... 42 
SCL-4D-75 ...... 138 FIPAO7 ct 161 FARL27 tccca 158 FLH-55 ois 155 AFP-406 .......... 147 JPLL100SA.......40 
SCLIGD :.......:: 138 FIF100 Se 161 FHH:270) csnn-s-. 158 FLH-664.ccns 155 AFP-410 .ccsssees 147 JPLL135SA....... 40 
SCL-7B-75 ...... 138 FIP 207 161 FHH-410 ......... 158 FLH-660 .......... 155 AFP-415 ...ccc0e-- 147 JPLL161SA.......40 
SCZ-1-1 ........... 138 FIP 4O Scsccick 161 FHEG4S fos 158 FLH-7 7 seme 155 AFP-420 ........-. 147 JPLL700SA.......40 
$0728 ........... 138 FIPS 14 te 161 FHH-545 ........ 158 FLH-825 cscs 155 AFP-430 .......--- 147 JPLL750SA.......40 
SCZ-3B ........... 138 Piece oes 161 FHSS tasks 158 FLH-965 ........:. 155 AFP-440 .........- 147 JPLL820SA.......40 
SCZ-4B-75 ...... 138 Sina 2) or 161 FHH-64 ..........- 158 FLHS-1100 ..... 155 AFP#203a:28 147 JPLL944SA.......40 
BOEMC hk. 138 1 ee 161 FHH-680 ......... 158 FHS -12 sy, 155 AFP-206......0:4 147 SPLH1000SA ... 41 
SCZ-4D-75...... 138 ast Ree 161 FHH-795 ........ 158 FLHS-154 ....... 155 AFP-210 4.4.0 147 SPLH1000SB ... 41 
SCZ-7B-75....... 138 PRO ect: 161 FHHS-10........ 158 FLHS-220 ....... 155 AFP-215 vocccssees 447 SPLH1000SD ... 41 
SDC-2124 ....... 138 Figg. 62 161 FHHS-127.......158 FLRS-24 er 155 AFP-220 ee 147 SPLH1290S<A ... 41 
SDC-8010 ....... 138 FIS-100 oo sescos!s: 161 FHHS-182....... 158 FLHS33 cook 155 AFP2230..2 0 147 SPLH1400S<A ... 41 
S06-C1........ 138 FIS+120'....:...8: 161 FHHS-20 ......... 158 FLHS-330 ....... 155 AFP-240 ....--.... 147 SPLH1470SA ... 41 
SDC-C1-1 ....... 138 FIS-440 2.......t0 161 FHHS-27’s..cco: 158 FLHS-495 ....... 155 SPLH1485S<A ... 41 
SDC-€2........... 138 FSO 142 161 FHHS-270 ....... 158 FLHS-55 ........ 155 SPLH1500S<A ... 41 
S06-C3.......... 138 FSBO be eye: 161 FHHS-410....... 158 FLHS-66 ......... 155 
SDC-C4............ 138 Fee ec 161 FHHS-45 ......... 158 FLHS-660 ....... 155 PAYiNL Yoo 
SOG-O5........... 138 FIS-BO ....ceccsese- 161 FHHS-545 ....... 158 FLHS-77..00). 155 @= YU BPE. 
SDC-C6........... Maer risen 161 FHHS-55 ........ 158 - FLHS-825 ....... 155 \ WE LNMRERE 
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ee PRODUCT INDEX 


Frequency QMK-701 ........... 96 SMK-702 ........... 99 HSMR-1400 ...... 93 CLE=1104 c.tccctseee 62 CLP-4C5)..civti 64 
Synthesizers QMK-702........... 96 SMK-703 ........... 99 HSMR-1500 ...... 93 CLE=109 recs avees 62 CLP-4N4 ........... 64 
SPLH1525SA .... 41 QMK-703........... 96 SMK-704 ........... 99 HSMR-1800 ...... 93 CLESITS ncccs.dervee 62 CLP4Q4 % 00.208 64 
SPLH1685SA .... 41 QMK-704 ........... 96 SMK-708 ........... 99 HSMR-1805 ...... 93 CLE 2teerterscces 62 CLP=50 1 ccacohere 65 
SPLH1750SA .... 41 QMK-705............ 96 SMK-706 ........... 99 HSMR-1930 ...... 93 CLF=1A5 2.....200:.. 62 CLP S02 ftcsece-che 65 
SPLH1880SA .... 41 QMK-706 ........... 96 SMP-34-15 ........ 98 HSMR-2000 ...... a CEE=<1F Greve, aceests 62 CLP“603 i icesstenes 65 
SPLH1885SA .... 41 QMK-707 ........... 96 SMP-901 ........... 98 HSMR-2250 ...... CLEIRS; denne. 62 CLP-504 S.-i. 65 
SPLH1900SA .... 41 QMK-714 ........... 96 SMP-902 ........... 98 HSMR-810 ........ a CUK=215S meccrs 65 CLP=512 oe. ceenas 65 
SPLH1900SB .... 41 QMK-724 .........6 96 SMP-903 ........... 98 HSMR-825 ........ 93 GCUKS(O1 neers 65 CLP-603 7... tas. 65 
SPLH2000SA .... 41 QMK-734 .......... 96 SMP-904 ........... 98 HSMR-869 ........ 93 CLK-7 027 teaenes 65 CLP-604 ............ 65 
SPLH2050SA .... 41 QMK-744 ........... 96 SMP-905 ........... 98 HSMR-935 ........ 93 CUK=/03 neeeeesrme- 65 CLR-609 (oats 65 
SPLH2115SA .... 41 QMP-15-50........ 95 SMP-906 ........... 98 CLK-704S .......... 65 CER-6 Tee seneens 65 
SPLH2330SA .... 41 QMP-34-15......... 95 SMP-907 ........... 98 Mixers CLK=709S Sieeescs 65 CLP=612.0......ses 65 
SPLH2400SA .... 41 QMP-901 ........... 95 SMP-914 ........... 98 Starved L.O CLEA iT Sincere 65 CLP-8A4............ 65 
SPLL121SA........ 38 QMP-902 ........... 95 SMP-924 ........... 98 Double-Balanced CUKS( 12 nereconctee 65 CEP-8S3 2.ccctete 65 
SPLL139SA....... 38 QMP-903 jercsrsecs 95 SMP-934 ........... 98 LO +1 dBm GEPRE20 Irie. coe 63 CLP=8T)3 aseccatyeve 65 
SPLL291SA....... 38 QMP-904 ........... 95 SMP-944 ........... 98 CRE-SOfts ee 58 CEP 202i ert 63 SED-K1 coc cenpeess 60 
SPLL291SB....... 38 QMP-906 ........... 95 SMR-201 ........... 98 CRP=334 \..<...180:- 58 CLP=203 iscesse: 63 SLD-K11A ......... 61 
SPLL304SA........ 38 QMP-906 ........... 95 SMR-202 ........... 98 CRP=33 (gece tet 58 CLP-204 ............ 63 SLD-K11X ......... 61 
SPLL376SA ....... 38 QMP-907 ........... 95 SMR-203 ........... 98 SRD-CA ............ 58 CER-209 freee 63 SLD-K1W .......... 60 
SPLL392SA ....... 38 QMP-914 ........... 95 SMR-204 ........... 98 SRD-CBitec...ise 58 CEP=211 ircsszecees 63 SUDEK2 oon cesstere 60 
SPLL400SA ....... 38 QMP-924 ........... 95 SMR-20 ........... 98 SRD-€D eererars-2ss 58 CER- 2127 e mn 63 SED-K2D Eacsaete 60 
SPLL41SA......... 38 QMP-9364 ........... 95 SMR-206 ........... 98 SRD-KAI ss -eres- 58 CLP-2AG ree 63 SEDAK2ZU iri saeoes 60 
SPLL477SA....... 38 QMP-944 ........... 95 SMR-214 ........... 98 SRD -KBgeeece es 58 CEP-2B2 i rc-ter 63 SED=KS -occeccctteed 60 
SPLL490SA ....... 38 QMR-201........... 95 SMR-224 ........24. 98 SRD-KD ip ecssccctse 58 CEP=2C tierce 63 SLD-K4.............. 61 
SPLL500SA ....... 38 QMR-202........... 95 SMR-2364 .........- 98 SIRES recavesstaere 58 CLPa2C 2 i aiccoredes 63 SEDEKG 2 receretrees 61 
SPLL565SA .....:: 38 QMR-203............ 95 SMR-244 .......... 98 SRISKB iiss steer: 58 CUR 204 x ererccstn 63 SM2B iF. ceisensecestcoes 61 
SPLL595SA ....... 38 QMR-204 ........... 95 SMS-1506 ......... 97 SRECKD iiccnecete4 58 CLP-2CG meer! 63 SMAOE: 2. -:<c<crses 61 
SPLL630SA ....... 38 QMR-205............ 95 SMS-1650 ......... 97 SRZSKA onc---s=0d 58 CLP =2D tien 63 SMD-Ci........208 61 
SPLL695SA ....... 38 QMR-206........... 95 SMS-20 Uiiacesc.s 97 SRZ=KB scccesessc-trs 58 CLP=2D4 wore: 63 SMD-C1X .......... 61 
SPLL779SA ....... 39 QMR-207 ........... 95 SMS-202 ........... 97 SIRZIKD eecvessceees 58 GLEP=2D5iiec.sset 63 SMD-C2 2... 61 
SPLL800SA ....... 39 QMR-214........... 95 SMS-203 ........... 97 CUR -2ED ni teeters 63 SMD-C3 ..........:. 61 
SPLL827SA....... 39 QMR-224 ........... 95 SMS-204 ........... 97 Mixers CLP=2F4...5:.-tte- 63 SMD-C4 ............ 61 
SPLL845SA ....... 39 QMR-2364 ........... 95 SMS-205 ........... 97 Double-Balanced CLEP=2G4 ire 63 SMD-K1............. 60 
SPLL869SA ....... 39 QMR-244 ........... 95 SMS-206 ........... 97 Source-Line CERE30 linus: 64 SMD-K11A ........ 61 
SPLL895SA ....... 39 QMS-201 ........... 94 SMS-214 ........... 97 S-1H ive-c-cce-cteasees 59 CLPS302 circearents 64 SMD-K11X ........ 61 
SPLL914SA....... 39 QMS-202 ........... 94 SMS-2206 ......... 97 SH2 Mi Nawsksscicas. he 59 GLP-303iceccnctee 64 SMD-K1W ......... 60 
SPLL939SA ....... 39 QMS-203 ........... 94 SMS-224 ........... 97 S-3 eter ctedese teres 59 CLP-304 rrrcecenes 64 SMD-K2..2...0-5s 60 
SPLL9S5OSA ....... 39 QMS-204 ........... 94 SMS-234 ........... 97 SSeS eerecessccrere 59 CEP-307 ierraseeaes 64 SMD-K2D .......... 60 
SPLL9SOSB ....... 39 QMS-205 ........... 94 SMS-244 0.0... 97 SOL ives tascooscosseees 59 CLP-309 ............ 64 SMD-K2U .......... 60 
SPLL962SA ....... 39 QMS-206 ........... 94 een) ae ceorceecrearanor 59 CEP =Siidimcsss-seee 64 SMB-KS wcesteceas 60 
SPLL980SA ....... 39 QMS-207 ........... 94 1&Q SAA Sevssotezecosttces 59 CLP-31 2c cores 64 SMD-K4............. 61 

QMS-210........... 94 Modulators SD acccsesucetevortace 59 CLP SD6 lace tee 64 SMD-KG6............. 61 
1&Q QMS-213............ 94 Sub-harmonic S-D egeesrenetnorairs 59 GLP-3L5 jeecesceesees 64 SMZ eK Siicence..-2-5- 60 
Demodulators QMS-214 ........... 94 HSMD-1000 ...... 93 S-6 ieviciscsescerseeme 59 CLP-3M6 ........... 64 SMZERiscacetasen: 60 
QMF-201 ........... 96 QMS-224 ........... 94 HSMD-1200 ...... 93 S-OR eo Srecccsovsccssctee 59 CL PISRS setrceses 64 SMZ-K11A......... 61 
QMF-202 ........... 96 QMS-234 ........... 94 HSMD-1400 ...... 93 SV idetzraeeecsstes 59 CUP=40 11 eienccccerss 64 SMZ-K11X......... 61 
QMF-203 ........... 96 QMS-244 ........... 94 HSMD-1500 ...... 93 S-O i hicsscerescneeee 59 GCLPA02 teat 64 SMZ-K1W ......... 60 
QMF-204 ........... 96 HSMD-1800 ...... 93 TOP a1 ievesceraseress 59 CUP 403 fiecrcecess 64 SMZ-K2)..cbrccstete 60 
QMF-205 ........... 96 1&Q HSMD-1805 ...... 93 TOP22 Genwenateee 59 CER =4 11 vas caewernde 64 SMZ-K2D .......... 60 
QMF-206 ........... 96 Modulators HSMD-1930 ...... 93 TOP2Sicrieeereree ss 59 CEPA 2 teretccat 64 SMZ-K2U .......... 60 
QMF-207 ........... 96 SME-204 ere 99 HSMD-2000 ...... 93 TOP25 c...ccncezeee2s 59 CLP-4A3............ 64 SMZ-K2W ......... 60 
QMF-214 ........... 96 SMF-202 ........... 99 HSMD-2250 ...... 93 CLP-4A4............ 64 SMZ-K4 .........005 61 
QMF-224 ........... 96 SMF-203 ........... 99 HSMD-810 ........ 93 Mixers CL PAB or iccrsnses 64 SMZ-KG ccaapee ane 61 
QMF-234 ........... 96 SMF-204 ........... 99 HSMD-825 ........ 93 Double-Balanced CLP 4B5 7 ceases 64 SSM-1 \ssganeners 61 
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SURFACE MOUNT COMPONENTS 


Surface-mounting of components saves critical space on the 
circuit board, can result in more reliable circuits and systems, 
and can reduce the cost of production through automated circuit 
fabrication. And since circuit densities are increasing as more 
and more functions are combined within the confines of a finite 
amount of space, surface mounting looks more appealing all the 
time. 


Surface mounting and its benefits 

Unlike familiar flatpacks and plug-in packages, surface mount 
components do not require the PC board to be machined (drilled, 
routed, punched, etc.), and thus, eliminate special handling 
considerations. In addition, the components may be placed on 
the circuit board with automated "pick and place" equipment, 
saving an enormous amount of manpower while significantly 
increasing productivity and circuit yield. 


No holes or cutouts are needed, as is the case with using other 
package styles, such as flatpacks or through hole mount. 
Components can be mounted to both sides of the printed circuit 
board, making better use of circuit board area. The height of 
most surface mount components is also much lower than most 
other component types. This combined with the area reduction, 
contributes to significant circuit volume reduction. Circuit 
fabrication can be automated. 


There are also electrical performance benefits to using surface 
mount components. Inductance and stray capacitances are 
lower, due to elimination of series connecting leads and glass to 
metal seals. Recent advances in surface-mount technology have 
also added EMI/RFI shielding to many surface-mount package 
styles, making them exceed the performance of other package 
styles well into the microwave range. 


Compare these advantages to the traditional package styles, 
and you can see why surface mounting has become so popular. 


Fabrication considerations 

Like any package configuration, surface mounting has its own 
requirements, which if followed scrupulously, will produce 
extremely reliable mounting. 


For high volume applications, tape and reel specifications 
must first be considered and the pick and place equipment must 
be programmed for proper and accurate feeding of the tape into 
the pick and place machines. Tape and reel information, 
component placement and orientation for specific models are 
given in this catalog. 


Coplanarity is a concern with surface mount technology, and is 
more prominent with leaded packages. Synergy components are 
generally less than 0.003 inches (0.006 inches on gull-wing 
surface mount models, such as in the TW series of 
transformers). Leadless packages have the pad connections in 
the same plane, etched on the substrate and coplanarity is not 
usually of concern. As the size of surface mount packages 
increases, due to higher and higher circuit densities, coplanarity 
is more difficult to control. 


Clean surface of the component leads/pads and circuit board 
is essential for reliable solder connections. Proper storage and 
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handling precautions must be exercised to minimize 
contaminants and oxides. Flux should be used in the soldering 
operation to enhance solderability. 


There are various soldering methods available which can be 
used to assemble surface-mount components. Synergy 
recommends vapor phase solder re-flow because it produces 
rapid, uniform heating of the assembly and melting of the solder. 
It is the cleanest method, and generally produces the best overall 
results. The infrared method in comparison, provides far less 
even heating, because some parts of a component can be in a 
shadow (infrared is after all light). Other sections of the 
component can be overheated. Consequently, yield is usually 
lower, and reliable solder joints are not as easy to ensure. The 
conducted heat method inherently provides less control over the 
heating process, and is subject to more variables than any other 
method. It is the least acceptable method. 


The re-flow temperature profile should be monitored to insure 
that surface mount components are not being overheated. 
Proper planning and experimentation is necessary to optimize 
the soldering process. Small components heat up quicker than 
larger components and an optimum temperature must be 
established. With infrared heating, temperature probes should 
be placed on various points of the printed circuit board assembly, 
to insure that components are not being overheated. In some 
extreme cases, soldering of the larger components may have to 
be done by hand, after the assembly of the smaller components. 
Larger components may shadow smaller components from the 
heat source. The recommended solder profile for Synergy 
products follows. 


IR REFLOW PROFILE 


Sea Sel Be ST ee) 
== 
CENT 


HEE 
=UNSEE 
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Temperature(°C) 


Time (min) 


Aqueous cleaning after the soldering operation is now used 
extensively, due to new environmental laws. A concern arises for 
non-hermetic surface mount components, where moisture can 
penetrate to the inside of the components and degrade the 
electrical performance. A cool down period of approximately one 
hour should be allowed after soldering and prior to cleaning. If 
necessary, a stabilization bake should be performed to remove 
any moisture that may have seeped into the inside. 
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TAPE AND REEL 


The main calling card for surface-mount components is to allow for automated assembly. By 
optimizing the small design of the surface mount component, production costs can be 
minimized with the use of pick and place machines. To allow for the use of these machines, 
Synergy offers the option of receiving most of the surface mount components on tape and reel. 


Each reel uses thermoplastic film construction which protects the components from 
electrostatic charge or field induced effects. When sealed with the synthetic adhesive, 
nonconductive cover tape, the components conform to the specifications as listed in EIA-481A. 
The reels are capable of holding from 100 to 1000 pieces (depending on the size of the 
component.) In most cases, the minimum required quantity per reel is 500 pieces or 
the maximum for larger components. In special cases, a 7 inch reel can be used to 
accomodate smaller quantities. The following page gives further information on the tape and 
reel specifications. 


Synergy offers many types of surface-mount components. 

Synergy pioneered surface-mount components for the RF and microwave eect 
We were the first company to introduce surface-mount mixers, and 
today have a complete family of surface-mount mixer 
products in most popular combinations of electrical 
performance. Synergy has earned a patent for a "universal surface 
mount package", and in its extensive product line offers various 
surface-mount package styles to choose from such as - leaded, 
leadless, ceramic, plastic, EMI/RFI shielded and hermetic. 
Custom requirements can easily be accomodated. 


We also offer the following components in the various surface-mount packages: 


e@ Voltage controlled oscillators 
@ Frequency synthesizers 

and phase locked oscillators 
1&Q modulators/demodulators 
Image reject mixers 
QPSK modulators 
Phase shifters 
Filters - low pass, bandpass, highpass 
Phase detectors 
Phase comparators 
Directional couplers 
Power dividers 
BPSK modulators 
Frequency doublers 
Quadrature hybrids 
Transformers 


Contact SYNERGY if the tape and reel specification you need is not in _\— PaNV AN 1 Ae 


A @-=3 BREE. 
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Tolerances: 


For W <1.0" 


A= +/-0.005" 
B= +/-0.005" 
C= +/-0.005" 
D= +/-0.005" 
E= +/-0.004" 
F= +/-0.005" 
G= +/-0,005" 
H= +/-0.005" 
|= +/-0.0005" 
| J= +0.004" (-0.000") 
W=+0,012" (-0.004") 


TAPE AND REEL SPECIFICATIONS | 


ee Ge 


For W >1.0" 


A= +/-0.015" 
B= +/-0.010" 
C= +/-0.014" 
D= +/-0.006" 
E= +/-0.004" 
F= +/-0.005" 
G= +/-0.004" 
H= +/-0.005" 
|= +/-0,0005" 
J= +0.004" (-0.000") 
W=+0.012" (-0.004") 


| Al 0.453 |G| 0.251 
B| 0630 |H| 0.516 


C| 0.472 ! 
D 


0.0135 | 
0.061 | 


106B 


l 
0.079 — 
6t0:156 © aval 
0.069 


F 
a) 


Direction of Feed ——e 


Al 0.795 |G| 0.446 - Al 0.453 |G | 0.155 
B] 1.257 |H| 0.971 B| 0.472 |H | 0.339 | 
Cl 0.970 0.0165 | c| 0.400 |! | 0.0135 
D 0.079 0.0591 _| 2 0.079 |J | 0.059 
E| 0.158 1248, 124SL E| 0.158 
| F| 0.069 | 129 


4 


W=1.732" 
(+/-0.012) 


W=0.945" 


! 
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VOLTAGE CONTROLLED OSCILLATORS 


INTRODUCTION 


In simple terms, an oscillator is an amplifier where sufficient 
energy is coupled back from the output to the input to become 
unstable and start oscillating. The output port then provides the 
wanted output power into the load and the overall circuit 
configuration determines the frequency stability and sensitivity to 
load changes. Figure 1 shows the feedback arrangement. 


Matching 
and 


Matching 
and 
Tuning 
Circuits 


Output 


Tuning 
Circuits 


Figure 1— An oscillator viewed as a feed-forward amplifier with 
positive feedback through the resonator. Start-up of oscillation 
requires that the gain of the amplifier exceed the loss of the 
resonator and that the total phase shift through the amplifier and 
resonator be a multiple of 360°. To sustain oscillation, the phase 
shift must remain the same and the amplifier gain must be equal 
to or greater than the resonator loss. 


While there are several configurations possible, the most popular 
oscillator configuration up to very high frequencies is the Clapp 
oscillator circuit. Practically all high performance oscillators with 
wide tuning range follow this basic configuration. Energy can be 
coupled either from the collector or from the emitter of a BUT 
oscillator. The same basic concept applies to an oscillator using a 
silicon junction FET. The use of GaAsFETs is reserved for high 
microwave and millimeterwave applications, typically above 10 GHz. 
The principle of operation of this circuit is that the feedback loop 
generates a negative impedance (negative resistive part) which 
compensates for all the losses. The sum of all the resistive elements 
must still be slightly negative. This condition of the modified 
Barkhausen equation has to be met to start and maintain oscillation. 


The following is an interpretation to calculate the conditions 
necessary for oscillation. It is based on the fact that an ideal tuned 
circuit (infinite Q), once excited, will oscillate infinitely because there 
is no resistance element present to dissipate the energy. In the 
actual case (where the inductor Q is finite), the oscillations die out 
because energy is dissipated in the resistance. It is the function of 
the amplifier to maintain oscillations by supplying an amount of 
energy equal to that dissipated. This source of energy can be 
interpreted as a negative resistor in series with the tuned circuit. If 
the total resistance is positive, the oscillations will die out, while the 
oscillation amplitude will increase if the total resistance is negative. 
To maintain oscillations, the two resistors must be of equal 
magnitude. To see how a negative resistance is realized, the input 
impedance of the circuit in Figure 2 will be derived. Figure 3 shows 
an equivalent small signal circuit of Figure 2. 


201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 
E-Mail: sales@synergymwave.com * World Wide Web: http://www.synergymwave.com 


16 


The steady-state loop equations are 


Va ae +X. )—1,(Xe, — BX.) 
0 =I, (X_)+1,(Xe, he) 


(1) 
(2) 


Figure 2 — Calculation of input impedance of the negative- 
resistance oscillator. 


After /, is eliminated from these two equations, Z,, is obtained as 


7 _ Vi, + B)XcXc, thiel(Xe, +X) (3) 
- fe Xo +h, 
if X,,<h,,, the input impedance is approximately equal to 
1+ 
Z, = ne XoXo +(Xo, +Xc,) (4) 
mp l 

Z. =—— 

"oC,  jo[C,C,1(C, +C,)] (5) 


That is, the input impedance of the circuit shown in Figure 3 is a 
negative resistor, 


I {i 


in 


Fig. 3 - Equivalent small-signal circuit of Figure 2. 


Sm 


R=—*— 
w’C,C, (6) 
in series with a capacitor, 
eee (7) 
C, +C, PUN AUG 
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which is the series combination of the two capacitors. With and 
inductor L (with the series resistance R.) connected across the 
input, it is clear that the condition for sustained oscillation is 
“a * 
mrresC,C, 


and the frequency of oscillation 


l 


~ 2x JL{CC, 1(C, +C,)] 


This interpretation of the oscillator readily provides several 
guidelines which can be used in the design. First, C, should be as 
large as possible so that 


Xo, < h,, 


and C, is be large so that 


R (8) 


f 


(9) 


h 


oe 


Xo, << 


when these two capacitors are large, the transistor base-to-emitter 
and collector-to-emitter capacitances will have a negligible effect 
on the circuit's performance. However, Eq. (8) limits the maximum 
value of the capacitances since 


Pete Sn G 


—— 2 <= 
w'C,C, w'C,C, oY 


where G is the maximum value of g_. For a given product of C, and 


C,, the series capacitances is a maximum when 
C,=C,=C,. Thus Eq. (10) can be written 

] “alg Af 
wC G a 


This equation is important in that it shows that for oscillations to 
be maintained, the minimum permissible reactance (1/@C_) 

is a function of the resistance of the inductor and the transistor’s 
mutual conductance g,_ 


An oscillator circuit known as the Clapp circuit or Clapp-Gouriet 
circuit is shown in Figure 4. This oscillator is equivalent to the one 
just discussed, but it has the practical advantage of being able to 
provide another degree of design freedom by making C, much 
smaller than C, and C.,. It is possible to use C, and C, to satisfy the 
condition of Eq. (10) and then adjust C, for the desired frequency 
of oscillation @, which is determined from 


Fig. 4 — Circuit of Clapp oscillator. 
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For frequency applications above several hundred MHz, 
the discrete inductance is exchanged to be a transmission 
line, and for even higher frequencies (such as 800 MHz and 
higher), a ceramic resonator of high Q is the best choice. 
Also, one can use SAW oscillators (surface acoustic wave 
resonators) and dielectic-resonator-based oscillators. 


(12) 


These types of oscillators can be made voltage controlled 
oscillators by changing capacitor C, from a fixed value to a 
voltage dependent capacitor, commonly referred to as tuning 
diode or varactor. The use of just a single diode is typically 
discouraged. For small DC voltages, the tuning diode 
becomes conductive in the positive half of the sine wave, 
and this reduces the Q and deteriorates the phase noise 
performance. As a minimum, a high-performance oscillator 
requires one set of anti-parallel diodes. A high-performance 
VCO is shown in Figure 5. A more detailed introduction to 
designing VCOs is found in References 1 and 2. 


0.0047 2.2 uF 330 


Control Voltage + 


from Loop Filter ‘Ab A 


VCO 74-105 MHz 


HSMS2800 


12 x BBBO9 56 


22 wey 7 0.001 


0.0012 
74-105 MHz 
RF OUT 


Except as indicated, decimal values of 
capacitance are in microfarads (uF); 
others are in picofarads(pF); resistance 
are in ohms; k=1,000. 


0.01 0.01 0.01 22 uF 
hh 


Fig. 5— Improved phase-noise performance can be obtained by using 
a number of tuning diodes in the antiparallel arrangement shown 
here. The 92-nH coil is a 4-turn coil tapped at 1 and 2 turns from 
the ground end. 


Wideband VCOs vs. Narrowband VCOs 


The tuning range of an oscillator is determined by the amount of 
fixed capacitance versus available capacitance in the circuit. In 
many cases (such as in cellular telephone applications), the tuning 
range required is limited to 5% (for example, 50 MHz relative to 
1000 MHz). Some applications require ranges of up to 2:1, however. 
In these cases, tuning diodes with a high capacitance range are 
required. These diodes are frequently referred to as hyperabrupt 
diodes. The drawback of hyperabrupt diodes is that their transfer 
characteristics, or change of capacitance as a function of voltage, 
is not very linear. 
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Figure 6 shows the capacitance voltage characteristic for three 
different types of diodes. The operating range of the capacitance 
diode or (its useful capacitance ratio) is limited by the requirement 
that the diode must not be driven into forward conduction or 
breakdown by the RF voltage superimposed on the tuning voltage. 
Otherwise, rectification would take place, shifting the bias of the 
diode and considerably affecting its figure of merit. 
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Fig. 6 — Capacitance/voltage characteristic for 
a) an alloyed capacitance diode 
b) a diffused capacitance diode 
c) a wide-range tuner diode (BB141) 


Crot.! 


Fig. 7 — Basic current/voltage and capacitance/voltage 
characteristics of a tuning diode. 


As a result of a high alternating voltage at the resonant circuit, 
capacitance contributed by tuning diodes may produce three 
undesirable effects: 


1) The nonlinearity of the capacitance may generate more 
harmonics than the oscillator circuit produces by itself. The RF 
voltage across the diodes should therefore be kept small. 


2) Even when a sinusoidal voltage is applied to the tuning 
diodes, their capacitance variation does not follow the sine law. 
Depending on the amplitude of the applied voltage, this may result 
in a change of the resonator frequency. Under certain conditions, 
this can even lead to bistable behavior, and the oscillator may show 
an effect called squegging. 
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3) Intermodulation, a disturbance caused by nonlinearities 
in the diode characteristics, is virtually independent of the oscillator 
amplitude. It can result in the transfer of an undesired signal (noise) 
to the oscillator output signal (carrier). The undesired signal is the 
noise internally generated by the oscillator transistor(s). This 
intermodulation, the mechanism of which is also referred to as 
AM-to-PM conversion, occurs in BUT PN and NP junctions and 
their FET equivalents. 


Fig. 8 — Practical circuit of a wideband VCO. 


Phase Noise 
One of the key characteristics of the oscillator is the oscillator 
noise frequently referred to as single side-band phase noise. 


Oscillator Noise 

The SSB phase noise of an oscillator is well described by the 
Leeson model and its enhancements. Leading engineers such as 
M. Driscoll of Westinghouse and Tom Parker of Raytheon have 
expanded the model to include the flicker-noise component even 
of passive components. The enhanced Leeson equation, as 
proposed by Parker and others, is shown in Figure 9. 


Sy (fa) =[aaF.! +a,(F,/ 00) |Z: 
+[(@GFKT 1 P(E, | 0a) | 4.2 


+(2a,0,F,’) at 
+a,/ fi, +2GFKT/ P, 


Fig. 9 — The Leeson equation for oscillator phase noise. Gis 
the compressed power gain of the loop amplifier, F, is the noise 
factor of the loop amplifier, K is Boltzmann’s constant, Tis the 
temperature in Kelvins, P, is the carrier output power, in watts, 
at the output of the loop amplifier, F, is the carrier frequency in 
hertz, f., is the carrier offset frequency in hertz, Q, is the loaded 
Q of the resonator in the feedback loop, and a , and a , are the 
flicker noise constants for the resonator and loop amplifier, 
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Numerous circuits have been developed to implement oscillators. 
These circuits have various advantages and disadvantages, 
depending on the frequency of operation and the resonator type. 
For circuits in the 400 to 2000 MHz range, modern oscillators tend 
to use transmission-line resonators and capacitive feedback of the 
Colpitts or Clapp type. At these frequencies, bipolar transistors 
are generally used, since few FETs have sufficient gain-bandwidth 
product for use in UHF oscillator circuits. 


Requirements for Low-Noise Oscillators — The key elements that 
determine the phase noise of an oscillator are: 


gm the transistor’s flicker-noise corner frequency, which depends 
on the device current; 

m the loaded Q of the resonator, which depends on the coupling 
between the resonator and the transistor; and 

gm the ultimate signal-to-noise ratio, which depends on the RF 
output power of the oscillator and its large-signal 
noise figure. 


Of these, the first two can be investigated using linear circuit 
analysis. But the active device’s large-signal operation requires 
nonlinear analysis techniques, without which we can make only 
educated approximations of the ultimate signal-to-noise ratio. 


The Linear Approach 


The design goal of the linear approach is to achieve the maximum 
loaded Q of the resonator and to keep the bias (DC) device current 
to a minimum. A high Q helps restrict noise components to 
frequencies close to the frequency of oscillation, minimizing phase 
noise as we move away from that frequency. The requirement for 
minimum bias exists because the flicker, or 1/f, noise of the device 
is highly dependent on the current. Table 1 shows the flicker-noise 
corner frequency versus collector current for a typical bipolar 
transistor. JFETs have much less flicker noise than bipolar 
tansistors, while GaAsFETs have more. 


Table 1 - Flicker Corner Frequency vs. Collector Current for a 
Typical Bipolar Transistor 


I, (mA) F, (kHz) 
0.25 1 

0.5 2.74 

1 4.3 

2 6.27 

5 9.3 


Oscillator Operation — At start-up, the oscillator’s open-loop 
gain must be sufficient to begin oscillation. The circuit's amplitude 
stabilization mechanism is responsible for sustaining oscillation. 
We can view the oscillator as a two-terminal negative-resistance 
generator, as shown in Figure 10. Here, the total resistance—the 
sum of the resonator resistance and the resistance of the two- 
terminal oscillator—must be less than or equal to zero for oscillation. 
The net reactance will be zero at resonance. 
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Resonator Matching Load 


Circuit 


Circuits 


Negative 
Resistance 
Generator 


Zin = in — Rin 


Fig. 10 - An oscillator viewed as a resonator and a negative 
resistance generator. At start-up, the resonator and oscillator 
reactances must be equal in value and opposite in sign, while the 
sum of the resonator and oscillator resistances must be less than 0. 
For sustained oscillation, the sum of the resistances must not become 
positive. 

Although we can’t precisely analyze the large-signal operation of 
a circuit using wholly linear techniques, we should recognize some 
effects that will impact our linear analysis. Chief among these is 
bias shift. The large signals present in the circuit in a bipolar 
oscillator will cause a shift in the bias current, because of the 
nonlinearity of the base-emitter junction. The device current may 
be about 10% different from the nominal (no-signal) current and 
may shift in either direction (more current or less). Since the flicker 
noise is bias-dependent, this effect is important to keep in mind. 


The recommended approach to finding the bias-dependent 
loading of the resonator by the active device is to construct a 
linearized model of the device using its measured S-parameters at 
a particular bias point. This is especially important at higher 
frequencies. For simplicity, we have chosen not to do this in the 
example that follows, but to use a simple model. 


Over a wide range of current, the device f, remains constant. 
Since: 


1 
f, 


a (13) 
2nR Cs 


where R, is the emitter diffusion resistance and C, is the emitter 
capacitance, and since: 


_ 26mV 
F 


(at room temperature), where I, is the emitter bias current, we 
can therefore adjust the R, and C, parameters of our device model 
to reflect the bias current we expect to use. This will allow our 
linear circuit model to reflect the bias dependency of the oscillator. 


y (14) 


As mentioned before, flicker noise is dependent largely on the 
bias current. But the effect of flicker noise can be reduced. This 
noise contributes to the phase noise by modulating the oscillator’s 
frequency via AM-to-PM conversion. We can reduce this modulation 
by use of negative feedback. A simplified noise model of a transistor 
is shown in Figure 11. 
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ey = 2q/,r°Af 


2, = 4KTr,Af 
At high frequency: 
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Figure 11 — A simplified bipolar transistor noise model with white- 


The effect of applying negative feedback to reduce phase noise 
is shown in Figure 12. 


Flicker Noise Carrier 
Signal Modulation 


aes 


Decreased via 
Use of Local RF 
Negative 
Feedback 


Low Frequency 
Flicker (1/f) Noise 


Fig. 12 — Adding negative feedback can reduce the amount of AM-to-PM 
modulation of the carrier by the transistor’s flicker noise. 


VCO Noise — So far, we have considered only the noise from 
the transistor. When we extend our design to become a VCO, by 
adding a tuning diode, we must also consider the phase noise 
introduced by that diode. Contrary to what you may have read 
elsewhere, this noise is not due solely to Q reduction from the 
added diode. The diode itself introduces noise that modulates the 
VCO frequency. The easiest way to analyze this noise is to treat 
the diode’s noise contribution as that of an equivalent resistance, 
R. This resistor can then be considered to be generating the thermal 
noise voltage that any resistance exhibits: 


V, = ,/4KT,RAf 1) 


where V, is the open-circuit RMS thermal noise voltage across the 
diode, K is Boltzmann's constant, T, is the temperature in Kelvins, 
R is the equivalent noise resistance of the tuning diode, and Af is 
the bandwidth we wish to consider. At room temperature (about 
300 K), KT, is 4.2x10?". 


Practical values of R for tuning diodes range from about 1 kQ to 
50 kQ. For a value of 10 kQ, for example, we would find a noise 
voltage from Eq. 15 of: 


V, =¥4x4.2x1—7! x10,000 
=1.265x10*% V/VHz 


This noise voltage from the tuning diode modulates the frequency 
of the oscillator in proportion to the oscillator’s VCO gain, K,, (the 
frequency swing per volt of the tuning signal): 


(Af,..) = Ky x (1.265x10*V) (16) 
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in a 1-Hz bandwidth. This can be related to the peak phase 
deviation, 0, : 


K,v2 


m 


(1.26510 *rad) (17) 


0, = 


in a 1-Hz bandwidth, where f, is the frequency offset of the noise 
from the oscillator operating frequency. Applying a typical VCO 
gain of 100 kHZ/V gives a typical peak phase deviation of: 


0.00179 
= ——— rad 
Sn 


in a 1-Hz bandwidth. For an offset of 25 kHz, as might be used to 
find the noise in an adjacent FM channel, this gives 
0,=7.17x10% rad in a 1-Hz bandwidth. Finally, we can convert this 
result into the SSB signal-to-noise ratio at the specified frequency 
offset: 


0, (18) 


0 
L(f,,) = 201og,, ms = —149dBc/Hz (19) 
It is also worth noting that the nonlinear capacitance vs. voltage 
characteristic of a tuning diode results in a tuning sensitivity—and 
thus a noise performance—that depends on the input tuning voltage. 
Modern CAD tools can help in the analysis of an oscillator. 


Figure 13 shows the circuit of a typical 950 MHz ceramic resonator 
based oscillator. 


10 nH 


0.1 wH 


Voc 


B3801 


Tuning 


950 MHz 
Ceramic 
Resonator 


1 pF Tel 


Fig. 13 — Circuit of typical 950-Mhz ceramic resonator based 
oscillator. 


Figure 14a shows its measured performance while Figure 14b 
shows its CAD prediction. As can be seen from Figure 15, phase 
noise increases as the tuning sensitivity of the VCO is increased. 


While oscillator design is done at Synergy Microwave, we have 
extensive use of CAD tools, such as Compact Software’s Microwave 
Harmonica. 


ALAR wa aanul® 


@-Y BBE. UY 
SU INE 
MICROWAVE CORPORATION 


VCO 800...910 MHz Vie4.5 V 
4 AVERAGES CARRIER FREQ-8, 046E+08 Hz [hp] JUN 8, 1993 14:37/14.44 


Lf) (dBo/Hz vs t [Hz] 


Fig. 14a — Measured phase noise of the oscillator of 
Figure 13. 
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Fig. 14b — Predicted phase noise of the 1-GHz ceramic 
resonator VCO with the tuning diode attached. Note the good 
agreement between the measured and predicted phase noise. 
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Fig. 15 — Phase noise increases as the tuning sensitivity 
of the VCO is increased, as shown here (r,,. is the equivalent 
noise resistance of the tuning diode). 
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Fig. 16 — Characterization of noise sideband in the frequency 


VCO TERMINOLOGY 


In specifying VCOs, the following list of definitions may help to 
get a better understanding of what to look for: 


VCO (Voltage Controlled Oscillator): The output frequency of 
the oscillator is determined by a DC control voltage. This applied 
voltage tunes the oscillator over a specified range. 


Phase noise: This term describes the “single sideband phase 
noise” of the oscillator. It is composed of noise close to the carrier 
(flicker noise) and noise measured at a spacing of 20 kHz and 
greater. The flicker noise measured in a VCO is generated only by 
the active devices, such as the transistor and the tuning diode. For 
silicon junction FET, the flicker corner frequency is typically at 50 
Hz to 100 Hz. Microwave bipolar transistors have a flicker corner 
frequency of up to 5 kHz. More exotic devices, such as 
heterojunction bipolar transistors (HBTs), have flicker corner 
frequencies up to 50 kHz but also have f, corner frequencies of up 
to 100 Hz. Finally, GaAsFETs have a corner frequency of several 
megahertz. The phase noise is measured at distances from 1 Hz 
off the carrier to several megahertz off the carrier in a 1-Hz 
bandwidth. Phase noise is the ratio of the output power divided by 
the noise power at a specified value and is expressed in dBc/Hz. 
Figure 16 shows a typical phase-noise plot. The area between the 
flicker corner frequency and the residual noise flow is proportional 
to 1/Q? and is only determined by the quality of the resonator. 


Output power: The output power of the oscillator, typically 
expresssed in dBm, is measured into a 50-Q load. The 
output power is always combined with a specification for flatness 
or variation. A typical spec would be 0 dBm output power +1 dB 
tolerance. 


Output power as a function of temperature: All active circuits 
change in their behavior as a function of temperature. The output 
power over a temperature range should vary less than a specified 
value, such as 1 dB. 


Harmonic output power: The harmonic content is measured 
relative to the output power. Typical values are 20 dB suppression 
or more relative to the fundamental. This suppression can be 
improved by additional filtering. 
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Spurious outputs: A VCO’s spurious output specification, 
expressed in decibels, enumerates the strength of unwanted and 
nonharmonically related components relative to the oscillator 
fundamental. Because a stable, properly designed oscillator is 
inherently clean, such spurs are typically introduced only by external 
sources in the form of radiated or conducted interference. See 
Harmonic output power. 


Frequency tuning characteristic: This shows the relationship, 
depicted as a graph, between a VCO’s operating frequency and 
the tuning voltage applied. Ideally, the correspondence between 
operating frequency and tuning voltage is linear. See Tuning linearity. 


Tuning linearity: For stable synthesizers, a constant deviation 
of frequency versus tuning voltage is desirable. It is also important 
to make sure that there are no breaks in the tuning range—for 
example, that the oscillator does not stop operating with a tuning 
voltage of 0. See Frequency tuning characteristic. 


Tuning performance: This datum, typically expressed in 
megahertz per volt (MHz/V), enumerates how much a VCO's 
frequency changes per unit of tuning-voltage change. 


Tuning speed: This characteristic is defined as the time 
necessary for the VCO to reach 90% of its final frequency on the 
application of a tuning-voltage step. Tuning speed depends on the 
internal components between the input pin and tuning diode— 
including, among other things, the capacitance present at the input 
port. The input port’s parasitic elements determine the VCO’s 
maximum possible modulation bandwidth. 


References: 


Post tuning drift: After a voltage step is applied to the tuning 
diode input, the oscillator frequency may continue to change until 
it settles to a final value. This post tuning drift is one of the 
parameters that limits the bandwidth of the VCO input. 


Temperature drift: Although the synthesizer is responsible for 
locking and maintaining the oscillator’s frequency, the VCO's 
frequency change as a function of temperature is a critical parameter 
and must be specified. Its value varies between 10 kHz/°C to several 
hundred kHz/°C depending on the center frequency and tuning 
range. 


Sensitivity to load changes: This is called frequency pulling 
and the change of frequency resulting from a partially reactive load. 
Dividing from 50 Q is used as a determination. Frequency pulling 
must be minimized, especially in cases where power stages are 
close to the VCO unit and short pulses may affect the output 
frequency. Such feedback may make locking impossible. 


Frequency pushing: This is another case of the oscillator 
frequency being affected by external influences, typically by supply 
voltage. Taking the same example as above, a sudden current 
surge caused by the output amplifier of a two-way radio may produce 
a spike on the VCO’s DC power supply and a consequent frequency 
jump. 


Ulrich L. Rohde, Microwave and Wireless Synthesizers: Theory and Design, fo be published August, 1997 by John Wiley & Sons, New 


York, NY, ISBN: 0471-52019-5 


Ulrich L. Rohde, KA2WEU, “Designing Low-Phase-Noise Oscillators,” QEX, October 1 994. 
Ulrich L. Rohde, KA2WEU, “All About Phase Noise in Oscillators, Part III - Example oscillator circuits and their noise performance,” QEX, 


February 1994. 


PANU AN NG) 


201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 


E-Mail: sales@synergymwave.com * World Wide Web: http://www.synergymwave.com 


22 


=U PEE. 
ws Bb LURE 
WICROWAVE CORPORATION 


EO VOLTAGE CONTROLLED 
as OSCILLATORS 


MINIATURE SURFACE-MOUNT PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING PHASE NOISE | HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz suppression | (MHz/Volt) | (@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(Volts) (mA) MHz/Volt 40 KHz/100 KHz (Typ) (Typ) 


-100/-125 
-105/-125 
-108/-132 
-108/-132 
-95/-115 


-105/-125 
-112/-134 
-105/-125 
-107/-132 
-105/-128 


-95/-118 
-97/-120 
-95/-117 
-93/-117 
-100/-125 


-95/-120 
-100/-125 
-93/-123 
-107/-135 
-110/-133 


-110/-133 
-95/-117 

-110/-133 
-110/-135 
-110/-133 


-100/-125 
-110/-133 
-107/-130 
-102/-125 
-90/-112 


-110/-133 
-108/-133 
-110/-133 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


MFC40A 
MFC-S-50 
MFC50A12 
MFCS56A 
MFC-S-60 


MFC70A 
MFC-S-100 
MFC104A 
MFC-S-150 
MFC165A 


MEFC-S-200 
MFC205A 
MFC210B 
MFC210A 
MFC225A 


MFC240A 
MFC320A 
MFC350A 
MFC360A 
MFC381A 


MFC400A 
MFC-S-400 
MFC437A 
MFC445A 
MFC445B 
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225 - 412 


240 - 502 
320 - 360 
350 - 410 
360 - 410 
381 - 406 


400 - 450 
400 - 800 
437 - 461 
445 - 495 
445 - 470 


446 - 588 
467 - 492 
487 - 568 
490 - 560 
500 - 1000 


511 - 536 
525 - 575 
533 - 558 
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MFC446A 
MFC467A 
MFC487A 
MFC490A 
MFC500A 


MFC511A 
MFC525A 
MFC533A 
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For pin location and package outline drawings, see back pages. 
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ME VOLTAGE CONTROLLED 
ee OSCILLATORS 


MINIATURE SURFACE-MOUNT PACKAGE ZW 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING PHASE NOISE | HARMONIC é 
VOLTAGE SENSITIVITY dBc/Hz suppression | (MH2/Volt) | (@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) (mA) (dB) MHz/Volt | 10 KHz/100 KHz (Typ) 


550 - 590 4-6 -107/-130 
560 - 760 15 - 20 -105/-125 
584 - 656 7-11 -102/-125 
600 - 1200 30 - 55 -97/-123 

700 - 1400 25 - 40 -100/-125 


750 - 1450 55-75 -95/-120 
800 - 1600 30 - 60 -100/-125 
800 - 1600 30 - 60 -95/-120 
860 - 1240 50 - 60 -98/-123 
900 - 1650 60 - 80 -95/-120 


900 - 1800 30 - 60 -95/-120 
902 - 928 25 - 30 - 95/-120 
925 - 1650 35 - 80 -98/-123 
925 - 1650 40 - 80 -95/-120 
925 - 960 16 - 21 -100/-125 


950 - 1175 50 - 60 -100/-128 
950 - 1650 85-100 -85/-110 
1000 - 1300 65 - 95 -97/-123 
1000 - 1357 45 - 65 -95/-115 
1005 - 1650 50 - 70 -94/-118 


1030 - 1130 15 - 25 -93/-120 
1074 - 1442 55-115 -95/-120 
1090 - 1290 55 - 75 -95/-120 
1092 - 1152 20 - 30 -93/-120 
1140 - 1340 30 - 45 -93/-120 


1140 - 1610 60 - 70 -90/-115 
1140 - 1610 70 - 90 -92/-117 
1150 -1520 55 - 75 -95/-115 
1200 - 1800 60-100 -85/-110 
1200 - 1800 48 - 64 -92/-115 


1200 - 2300 35 - 80 -90/-115 
1250 - 2500 55 - 75 -90/-120 
1290 - 1450 45-75 -93/-115 
1295 - 1705 35 - 50 -95/-120 
1300 - 1500 40 - 60 -90/-115 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 
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MFC550A 
MFC560A 
MFC584A 
MFC-S-600 
MFC-S-700 


MFC750A 
MFC-S-800 
MFC800A 
MFC860A 
MFC900A 


MFC-S-900 
MFC902A 
MFC925A 
MFC925B 
MFC925C 


MFC950A 
MFC950B 
MFC1000A 
MFC1000B 
MFC1005A 


MFC1030A 
MFC1074A 
MFC1090A 
MFC1092A 
MFC1140B 


MFC1140A 
MFC1140C 
MFC1150A 
MFC1200A 
MFC1200B 


MFC1200C 
MFC1250A 
MFC1290A 
MFC1295A 
MFC1300B 
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For pin location and package outline drawings, see back pages. 
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NW VOLTAGE CONTROLLED 
as OSCILLATORS 


& Y 
MINIATURE SURFACE-MOUNT PACKAGE a A 
FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE | HARMONIC 
VOLTAGE SENSITIVITY dBc/Hz SUPPRESSION | {MHZ/Vol)  1(@ 1.75:1 VSWR) MODEL 
VOLTAGE CURRENT Tolerance Offset at 
(MHz) (Volts) (Volts) (dB) MHz/Volt | 10 KHz/100 KHz 
1300-2000 0-20 +8 <35 +9 t2 35 - 55 -90/-115 10 5 15 MFC1300A 
4310+1705 05-95 +12 <40 +10 2 ot 2 48 - 65 -95/-115 10 4 12 MFC1310A 
1350 - 2450 05-20 +5 <35 +4 +3 60-100 -92/-116 10 5 15 MFC1350A 
1355-1405 1-5 + <40 +5 +2 15 - 22 -95/-117 AS 4 10 MFC1355A 
1400-2000 1-20 +8 <35 aiff +3 35 - 47 -92/-115 10 5 15 MFC1400B 
1400-2600 0-25 +8 <35 +7 r2 55 - 75 -95/-120 12 5 15 MFC1400A 
1420-2007 1-8 +10 <35 +6 +2 85-110 -83/-108 10 2 15 MFC1420A 
1420-1655 05-11 +8 <20 <i) Sb 28 - 40 -98/-118 10 3 10 MFC1420B 
1423-1458 1-4 +5 <20 0 +2 12-25 -97/-122 10 5 15 MFC1423A 
1446-1880 08 -7.4 +10 <20 wtiMay Ge 3) 65-125 -92/-118 15 5 5 MFC1446A 
1510-1651 15-8 +8 <15 #25 7 £25 18 - 36 -96/-121 12 3 5 MFC1510A 
Aged eo) = +- 13.5 +15 <35 +17) $25 75-100 -90/-117 12 5 15 MFC1525A 
1575-2575 0-20 +5 <35 +4 +3 60 - 80 -90/-115 10 5 15 MFC1575A 
1600-2000 1-10 +8 <35 +6 #2 50 - 60 -95/-115 10 5 15 MFC1600A 
1620-1740 05-45 +8 <35 710.5 22.5 32 - 45 -95/-117 10 3 12 MFC1620A 
1640-1900 1-10 +10 <35 +7 28 (4 35 - 50 -90/-115 10 3 10 MFC1640A 
1700-1850 2-10 12 <30 <r) a 18-25 -96/-121 20 1 15 MFC1700B 
1700-2500 05-7 +15 <35 wAeS) ae Pe 80-190 -90/-110 10 5 is MFC1700A 
1750-2500 1-12 +5 <35 aifis> gas 75-100 -90/-115 10 4 12 MFC1750A 
1772-1913 15-8 +8 <15 aids) ae PME 18 - 36 -97/-121 2 3 5, MFC1772A 
1780 - 2980 0-22 +5 <30 +6 £2 60 - 75 -90/-115 10 5 10 MFC1780A 
1805-1880 05-45 +5 <25 +6 +2 31 - 38 -95/-120 10 1:5 2 MFC1805A 
1830-2200 2-10 +12 <40 +10. +2 45 - 55 -97/-118 15 4 14 MFC1830A 
1860-1960 05-5 +8 <35 +6 +2 30 - 50 -97/-117 10 2 10 MFC1860A 
1900-1960 0-5 +5 <35 +2 2 24 - 40 -95/-120 10 5 13 MFC1900B 
1900-2400 1-8 +5 <35 +6 ant) 80-110 -85/-110 10 5 15 MFC1900A 
1920-1980 0-5 +o <20 +3 2 15-25 -90/-110 10 5 5 MFC1920A 
1950 - 2265 1-20 sabe. <40 i, 3572 15-22 -95/-117 10 5 15 MFC1950A 
2007 - 2595 1-8 +10 <35 aes) SEZ 85 - 110 -85/-107 10 Pa 15 MFC2007A 
2030 - 2330 0-5 ahs: <35 a 23/7 65 - 80 -90/-115 15 4 12 MFC2030A 
2050 -2850 0-9 +5 <25 +2 2 100-120 -70/-95 10 8 30 MFC2050A 
COMMON SPECIFICATIONS 

Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 

VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 

Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
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VOLTAGE CONTROLLED 
Eee OSCILLATORS 


MINIATURE SURFACE-MOUNT PACKAGE of 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE | TYPICAL TYPICAL PUSHING SULLInG 
RANGE TUNING | REQUIREMENTS POWER TUNING | PHASE NOISE | HARMONIC 
VOLTAGE SENSITIVITY| — dBc/Hz SUPPRESSION | (MHz/Volt) |(@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at 
(MHz) (Volts) | (Volts) (mA) MHzVolt | 10 KHz/100 KHz (Typ) 


2100 - 2400 : 27-35 -101/-125 
2130 - 2204 25 - 40 -85/-110 
2140 - 2200 22 - 30 -90/-112 
2160 - 2480 68 - 85 -88/-110 
2180 - 2240 24 - 40 -95/-120 


2200 - 2400 80-100 -87/-113 
2200 - 2800 42 - 55 -90/-112 
2250 - 2400 17-25 -97/-118 
2265 - 2750 27 - 40 -95/-117 
2270 - 2540 23 - 30 -100/-125 


2290 - 2590 40 - 50 -100/-125 
2300 - 2500 25 - 35 -100/-125 
2330 - 2550 30 - 50 -95/-120 
2400 - 2500 20 - 30 -95/-117 
2425 - 2825 30 - 60 -92/-112 


18 - 28 -90/-112 
23 - 30 -90/-115 
25 - 35 -97/-119 
30 - 40 -95/-120 
36 - 44 -90/-115 


MFC2100A 
MFC2130A 
MFC2140A 
MFC2160A 
MFC2180A 


MFC2200A 
MFC2200B 
MFC2250A 
MFC2265A 
MFC2270A 


MFC2290A 
MFC2300A 
MFC2330A 
MFC2400A | 
MFC2425A 


MFC2430A 
MFC2470A 
MFC2500A 
MFC2500B 
MFC2520A 


MFC2560A 
MFC2700A 
MFC2750A 
MFC2900A 
MFC3200A 


MFC3300A 
MFC4650A 
MFC5350A 
MFC5400A 
MFC5900A 


NN 
Naga Aan 


el 


He HH 
a1 


2430 - 2480 
2470 - 2740 
2500 - 2700 
2500 - 2700 
2520 - 2720 


2560 - 2800 
2700 - 3100 
2750 - 2860 
2900 - 3100 
3200 - 3320 


3300 - 3400 
4650 - 5350 
5350 - 5750 
5400 -5900 
5900 - 6100 


35 - 50 -92/-117 
40 - 55 -90/-110 
15 - 25 -93/-115 
25 - 55 -80/-105 
35 - 50 -85/-110 


20 - 30 -90/-115 
100-130 -80/-100 
170 - 230 -70/-97 
100-130 -80/-100 
130 -70/-97 


He oH OH OI I+ He + H+ HF I+ 


OQ TAsaagn w22=ag agqgs> 
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COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
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NY VOLTAGE CONTROLLED 


“a 
SURFACE-MOUNT PACKAGE 124SL 


FREQUENCY NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING PHASE NOISE HARMONIC é 
VOLTAGE SENSITIVITY dBc/Hz SUPPRESSION ee WO Eros NSW 
VOLTAGE CURRENT Tolerance Offset at 
(MHz) (Volts) (Volts) (mA) dBm MHz/Volt | 49 KHz/100 KHz (Typ) 


170 - 220 -95/-115 
180 - 220 -95/-115 
200 - 400 : -90/-115 
210 - 270 -94/-118 
225 - 450 : -95/-115 


250 - 500 é -95/-120 
350 - 410 : -100/-125 
400 - 450 : -98/-120 
400 - 650 : : -95/-120 
400 - 800 é 4 -95/-120 


470 - 650 ; -97/-112 
500 - 1000 ; ; -95/-120 
500 - 600 -90/-115 
550 - 890 : -95/-120 
600 - 1200 : : -95/-120 


700 - 1400 : -95/-120 
750 - 830 ; : -90/-117 
800 - 1600 : -95/-120 
844 - 919 ; -85/-110 
900 - 1800 : -95/-120 


900 - 2200 } -85/-110 
950 - 1175 -95/-118 
1000-2000 0. -95/-120 
1000-2000 0. . -98/-126 
1100-2200 0. -95/-120 


1200 - 2400 -90/-115 
1500 - 2100 -88/-115 
1600 - 2000 -90/-115 
1600 - 2600 -90/-120 
1750 - 2000 : -82/-110 
2000 - 3000 -88/-116 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


VCO-S-A12 
VCO-S-A17 
vcoO-S-200 
VvCO210SA 
VCO225SA 


VCO-S-250 
VCO-S-A23 
VCO-S-A22 
VCO400SA 
VCO-S-400 


VCO470SA 
VCO-S-500 
VvCO-S-A18 
VCO550SA 
VCO-S-600 


VCO-S-700 
VCO-S-A06 
VCO-S-800 
VCO844SA 
VCO-S-900 


VCO900SA 
VCO-S-A27 
VCO-S-1000 
VCO1000SA 
VcoO-S-1100 


VCO 1200SA 
VCO1500SA 
VCO1600SA 
VCO-S-A24 

VCO1750SA 
VCO-S-2000 


aaeen0 Aan 


wk ad Ch} ab 2 


OBOOn-an AUMTMH-©o© DN-an 


For pin location and package outline drawings, see back pages. 


PIN-OUT TABLE 


RFOUT V.. CASE GND 


Vtune 


1 a 16 ALL OTHERS 
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NY VOLTAGE CONTROLLED 


PS OSCILLATORS 


PLUG-IN PACKAGE 124 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING Sean 
RANGE TUNING | REQUIREMENTS POWER TUNING | PHASE NOISE | HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz suppression | (MHz/Volt) | (@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at 
(MHz) (Volts) | (Volts) (mA) MHz/Volt | 10 KHz/100 KHz (Typ) 


170 - 220 -95/-115 
180 - 220 -95/-115 
200 - 400 : -90/-115 
210 - 270 -94/-118 
225 - 450 ee -95/-115 


250 - 500 #2. -95/-120 
350 - 410 Hf : -100/-125 
400 - 450 E -98/-120 
400 - 650 3 +3. -95/-120 
400 - 800 F +2. -95/-120 


VCO-P-A12 
VCO-P-A17 
VCO-P-200 
VCO210PA 
VCO225PA 


VCO-P-250 
VCO-P-A23 
VCO-P-A22 
VCO400PA 
VCO-P-400 


VCO470PA 
VCO-P-A18 
VCO-P-500 
VCOS550PA 
VCO-P-600 


]-Oa--0 anna 


470 - 650 Et: -97/-112 
500 - 600 -90/-115 
500 - 1000 ; : -95/-120 
550 - 890 : -95/-120 
600 - 1200 é ae -95/-120 


ry Was 


700 - 1400 : -95/-120 
750 - 830 : : -90/-117 
800 - 1600 : -95/-120 
844 - 919 ; -85/-110 
900 - 1800 : -95/-120 


900 - 2200 a -85/-110 
950 - 1175 ch -95/-118 
1000 - 2000 0. -95/-120 
1000 - 2000 0. ize -98/-126 
1100-2200 0. ct -95/-120 


1200 - 2400 - -90/-115 
1500 - 2100 -88/-115 
1600 - 2000 -90/-115 
1600 - 2600 -90/-120 
1750 - 2000 : th -82/-110 
2000 - 3000 mee -88/-116 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: det) (@INYa)) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


VCO-P-700 
VCO-P-A06 
VCO-P- 800 
VCO844PA 
VCO-P- 900 


VCOS00PA 
VCO-P-A27 
VCO-P-1000 
VCO1000PA 
VCcoO- P-1100 


VCO 1200PA 
VCO1500PA 
VCO1600PA 
VCO-P-A24 
VCO1750PA 
VCO-P-2000 


Com-ain aT oO TANH-AaMN 


For pin location and package outline drawings, see back pages. 


PIN-OUT TABLE 


RFOUT Vo, CASE GND 


Vtune 


1 4 16 ALL OTHERS 
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NYY) VOLTAGE CONTROLLED 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASENOISE | HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz suppression | (MHz/Volt) |(@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) (Volts) (mA) MHz/Volt | 10 KHz/100 KHz (dBc) (Typ) 


VFC180SA 
VFC-S-200 
VFC210SA 
VFC219SA 
VFC-S-250 


VFC-S-400 
VFC-S-A05 
VFC490SA 
VFC-S-500 
VFC-S-600 


VFC-S-700 
VFC-S-800 
VFC-S-900 
VFC900SA 
VFC900SB 


VFC920SA 

VFC 936SA 
VFC-S-1000 
VFC1200SA 
VFC1225SA 


VFC1300SA 
VFC-S-A07 
VFC-S-A06 
VFC-S-A02 
VFC1850SA 


VFC2300SA 
VFC2355SA 
VFC2530SA 


180 - 260 : eh 8-15 -95/-120 
200 - 400 $2. 10 - 20 -90/-115 
210 - 270 : 5-6 -90/-115 
219 - 256 : 12 - 20 -105/-127 
250 - 500 HZ, 10 - 20 -95/-115 


400 - 800 he, 20 - 30 -95/-120 
425 - 500 ba 5-10 -95/-120 
490 - 560 ‘ 17-25 -100/-125 
500 - 1000 E #2. 25 - 50 -95/-120 
600 - 1200 ; £ 25 - 45 -95/-120 


700 - 1400 ; 35 - 60 -95/-120 
800 - 1600 5 fo: 40 - 60 -95/-120 
900 - 1800 ; 40 - 60 -95/-120 
900 - 1735 8 : 40 - 60 -95/-120 
900 - 1200 : . |e 40 - 60 -95/-120 


920 - 1455 = 45 - 60 -95/-120 
936 - 1636 Be 20 - 50 -90/-115 
1000-2000 0. 40 - 60 -95/-120 
1200-1600 2. #1. 50 - 70 -95/-120 
1225 - 2375 b 50 - 70 -95/-120 


1300 - 2300 40 - 60 -90/-110 
1305 - 1512 20 - 40 -95/-120 
1355 - 1595 25 - 45 -95/-115 
1500 - 2100 40 - 60 -92/-117 
1850-1950 0. : # 20 - 30 -95/-122 


2300 - 2450 0. 25 - 35 -95/-120 
2355 - 2528 =O. ; 50 - 60 -90/-115 
2530 - 2730 = 30 - 45 -90/-120 


=.= 001 annan— 


Naan TAaan— 


AAW WH2n= 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
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WE VOLTAGE CONTROLLED 
es OSCILLATORS 


PLUG-IN PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASENOISE | HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz suppression | (Hz/Volt) |(@ 1.75:1 VSWR) 


VOLTAGE CURRENT Tolerance Offset at 
(MHz) (Volts) (Volts) (mA) dBm (dB) MHz/Volt | 10 KHz/100 KHz (Typ) 


200 - 400 -90/-115 VFC-P-200 
250 - 500 +2. -95/-115 5 VFC-P-250 
400 - 800 ‘ nae -95/-120 VFC-P-400 
500 - 1000 : a2. -95/-120 VFC-P-500 
600 - 1200 ; + -95/-120 VFC-P-600 


700 - 1400 i aus -95/-120 VFC-P-700 
800 - 1600 a -95/-120 VFC-P-800 
900 - 1800 : + -95/-120 VFC-P-900 
1000-2000 0. + -95/-120 VFC-P-1000 
1630 - 1930 Ee -95/-115 VFC-P-A02 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -30°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
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NYP VOLTAGE CONTROLLED 
Ss OSCILLATORS 


CERAMIC COAXIAL RESONATOR , 
MINIATURE SURFACE-MOUNT PACKAGE nf 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz SUPPRESSION | (MHz/Volt) (@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) (Volts) (mA) MHz/Volt |10 KHz/100 KHz (Typ) (Typ) 


740 - 810 +8 9-12 -107/-130 
751 - 777 +8.5 3.5-5.5  -110/-140 
762 - 795 +8 5-8 -105/-130 
770 - 780 d , +10 1.3-3 -110/-135 
788 - 815 +8 ee 3.9-7 -105/-130 


816 - 846 0.5-3 +10 12-15 -100/-125 
837 - 848 0.75 - 4.25 +5 3-5 -106/-126 
837 - 863 ‘ 7-10 -106/-125 
925 - 960 6-10 -106/-130 
935 - 945 Be 6-9 -102/-122 


945 - 985 ; 14 - 20 -100/-125 
1079 - 1114 6-10 -105/-130 
1290 - 1310 a 2-4 -105/-135 
1320 - 1330 aH 2-4 -108/-135 


MFO740A 
MFO751A 
MFO762A 
MFO770A 
MFO788A 


MFO816A 
MFO837A 
MFO837B 
MFO925A 
MFO935A 


MFO945A 

MFO1079A 
MFO1290A 
MFO1320A 


a-Wno SKIS 


N]=NO0 NNAANM NHANNK= 


ee 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -20°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
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YY) VOLTAGE CONTROLLED 
es OSCILLATORS 


CERAMIC COAXIAL RESONATOR 
SURFACE-MOUNT PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING PHASE NOISE HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz SUPPRESSION bent Gee 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) (Volts) (mA) (dB) MHz/Volt | 10 KHz/100 KHz (Typ) 


-110/-135 CRO617SA 
-120/-145 CRO-S-698 
-118/-140 CRO700SA 
-111/-137 CRO702SA 
-108/-132 CRO-S-747 


-105/-130 CRO750SA 
-110/-135 CRO-S-A04 
-115/-140 CRO889SA 
-105/-130 CRO-S-915 
-105/-130 CRO917SA 


-100/-130 CRO923SA 
-105/-130 CRO935SA 
-105/-130 CRO-S-975 
-105/-125 CRO-S-A03 
-105/-132 CRO-S-1030 


1030 - 1050 -95/-130 CRO-S-1040 
1055 - 1125 -105/-130 CRO1055SA 
1079 - 1114 -115/-138 CRO1079SA 
1160 - 1180 -100/-130 CRO1170SA 
1175 - 1245 # -115/-138 CRO1175SA 


1315 - 1335 cay -100/-130 CRO-S-1325 
1511 - 1586 cf: -106/-131 CRO-S-1548 
1594 - 1669 -100/-130 CRO1594SA 
1600 - 1630 ay -100/-125 CRO-S-A05 

1710 - 1770 + -105/-135 CRO1710SA 


1778-1842 0.5-4. #2: -102/-128 CRO1778SA 
1785 - 1842 2- -105/-130 CRO-S-A06 

1855-1910 2-10 -105/-130 CRO1855SA 
1890-1950 1-10 2. -88/-120 CRO-S-1920 


617 - 627 
681 - 716 
700 - 730 
702 - 738 
727 - 767 


750 - 850 
869 - 894 
889 - 970 
902 - 928 
917 - 950 


923 - 962 
935 - 960 
960 - 990 
1020 - 1070 
1020 - 1040 


|AI+I+AI+I+ 
wees VSN > 
an an anann 


[+ 1+ 1+ 1+ 1+ 
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= NNNN® 
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COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -20°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 


PIN-OUT TABLE 


RFOUT V¢, CASE GND 


Vtune 


1 4 16 ALL OTHERS 


PaVV IN UG) 


eT ERE. UY 
2 EB LURE EB 
201 McLean Boulevard + Paterson, New Jersey 07504 » Tel: (973) 881-8800 + Fax: (973) 881-8361 MICROWAVE CORPORATION 


E-Mail: sales@synergymwave.com * World Wide Web: http:/Awww.synergymwave.com 


32 


MW VOLTAGE CONTROLLED 
as OSCILLATORS 


CERAMIC COAXIAL RESONATOR 
PLUG-IN PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE | HARMONIC : 
VOLTAGE SENSITIVITY dBc/Hz suppression | ‘MH2Volt) }(@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) | (Volts) (mA) (dB) MHzVolt | 10 KHz/100 KHz 


617 - 627 
681 - 716 
700 - 730 
702 - 738 
727 - 767 


750 - 850 
889 - 970 
902 - 928 
917 - 950 
923 - 962 


935 - 960 
960 - 990 
1020 - 1040 
1030 - 1050 
4055 - 1125 


1079 - 1114 
1160 - 1180 
1175 - 1245 
1315 - 1335 
1511 - 1586 


1594 - 1669 
1710 - 1770 
1778 - 1842 
1890 - 1950 


-110/-135 
-120/-145 
-118/-140 
-110/-135 
-108/-132 


-105/-130 
-115/-140 
-105/-130 
-105/-130 
-100/-130 


CRO617PA 
CRO-P-698 
CRO700PA 
CRO702PA 
CRO-P-747 


CRO750PA 
CRO889PA 
CRO-P-915 
CRO917PA 
CRO923PA 


CRO935PA 
CRO-P-975 
CRO-P-1030 
CRO-P-1040 
CRO1055PA 


CRO1079PA 
CRO1170PA 
CRO1175PA 
CRO-P-1325 
CRO-P-1548 


CRO1594PA 
CRO1710PA 
CRO1778PA 
CRO-P-1920 


ok ask oh oh anh 
ica 2 
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-105/-130 
-105/-130 
-105/-132 
-95/-130 

-105/-130 


-115/-138 
-100/-130 
-115/-138 
-100/-130 
-106/-131 


-100/-130 
-105/-135 
-102/-128 
-88/-120 


COMMON SPECIFICATIONS 


Output Impedance: 50 ohms Operating Temperature: -20°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 
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For pin location and package outline drawings, see back pages. 


PIN-OUT TABLE 


Viune CASE GND 


16 ALL OTHERS 
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NO VOLTAGE CONTROLLED 
OSCILLATORS 


CERAMIC COAXIAL RESONATOR 
SURFACE-MOUNT PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE | HARMONIC . 
VOLTAGE SENSITIVITY dBc/Hz SUPPRESSION | (Hz/Volt) |(@ 1.75:1 VSWR) 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) | (Volts) (mA) MHz/Volt | 10 KHz/100 KHz (Typ) (Typ) 


284 - 319 -125/-150 CFO284SA 
681 - 716 -117/-142 CFO-S-698 
1079 - 1114 -105/-130 CFO1079SA 
1719 - 1791 st; -105/-130 CFO1719SA 
1785 - 1842 et -105/-130 CFO1785SA 
2300 - 2320 + -110/-135 CFO2300SA 


CERAMIC COAXIAL RESONATOR 
THROUGH-HOLE PACKAGE 


FREQUENCY | NOMINAL DC BIAS OUTPUT AVERAGE TYPICAL TYPICAL PUSHING PULLING 
RANGE TUNING REQUIREMENTS POWER TUNING | PHASE NOISE HARMONIC : 
VOLTAGE SENSITIVITY dBec/Hz SUPPRESSION alte ais A RARE 
VOLTAGE CURRENT Tolerance Offset at MHz 
(MHz) (Volts) (Volts) (mA) dBm (dB) MHz/Volt |10 KHz/100 KHz (dBc) (Typ) (Typ) 


681 - 716 1-8 <40 +4 +2 
1719-1791 1-8 <40 +6 +3 
1785-1842 2-10 <40 +6 +3 


-117/-142 
-105/-130 
-105/-130 


COMMON SPECIFICATIONS 


CFO-P-698 
CFO1719PA 
CFO1785PA 


Output Impedance: 50 ohms Operating Temperature: -20°C to +70°C 
VSWR: 1.5:1 (Typ) Contact the factory for more stringent operating temperature range 
Modulation Bandwidth: 2.5 MHz (Typ) Specifications are at +25°C 


For pin location and package outline drawings, see back pages. 
*0.440 inches, maximum cover height 


681 to 716 resonator vco with discriminator technique 


[hp] 3048A Car 


rier: 689.377E+6 Hz 
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FREQUENCY SYNTHESIZERS 


Voltage controlled oscillators are used as an important part of 
frequency synthesizers. A frequency synthesizer is a unit that 
stabilizes the frequency of a free-running oscillator against a stable 
reference, typically a crystal oscillator. Depending on the reference 
frequency at the phase detector and the resulting division ratio, the 
output frequency within the loop bandwidth reflects the properties 
of the reference. This means that if the division ratio is small and 
the reference frequency comes from an ultrastable crystal oscillator, 
the quality of the “locked” VCO frequency is also extremely good. 
Given a particular phase noise of the crystal oscillator, its 
performance at the phase-detector level gets multiplied up to the 
output frequency of the VCO by 20 dB per decade. This means 
that the phase noise of a 1000-MHz VCO is 20 dB or 10 times 
noisier than a reference crystal oscillator at 10 MHz at the phase 
detector. This statement is valid only within the loop bandwidth; 
outside the loop bandwidth, the properties of the oscillator itself 
dominate. A vivid example is the application of a ceramic-resonator- 
based oscillator, which, free-running, exhibits phase noise of -125 
dBe/Hz at 10 kHz from the carrier and -153 dBc/Hz at 800 kHz 
from the carrier, but which, phase-locked, exhibits a phase-noise 
level determined by noise within the loop bandwidth of 1 kHz. 


Figure 1 shows the block diagram of a digital PLL. The reason 
why it is referred to as “digital” is because the divider is a digital 
implementation and the phase frequency detector also uses a digital 
rather than an analog, IC. Analog phase detectors would be double- 
balanced mixers; a typical digital phase detector is an exclusive 
OR gate. Given a particular VCO and an integrated circuit as a 
synthesizer chip, the designer must calculate the values of the loop 
filter. There are several types of loop filters, and the one with the 
best performance typically is the type 2, third order. It consists of 
an active integrator based on an operational amplifier that must 
exhibit excellent low-noise performance. 


Ki, F(s) 


Qy(s) + Phase- 23 (s) 


frequency 
detector 


Divider 
=N 


Note: The frequency transfer const. of the VCO = K, 


K 
(not —° , which is valid for phase transfer only.) 
s 


Fig. 1 — Block diagram of a digital PLL before lock is acquired. 


Figure 2 shows a loop filter for a type 2 third-order loop. This loop 
includes two integrators: the VCO, and the operational amplifier 
and its three associated time constants. 


20 
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C, 


T, =C,R, 
Tz = Ro(C, + Co) 
T3 = CR, 


1+sT, 
sT, 1+sT, 


Transfer function F(s) = — L 


Fig. 2 — Circuit diagram of the loop filter for the third-order loop 


This filter can be redrawn as shown in Figure 3. The transfer function 
for this filter 


with 
—1] 1+st 
F(s)=— : 1 
(s) St, 1+St, * 
tT, =CR, (2) 
T= ECE: +C,) (3) 
1; =C,R, 


1+ s/w) 
s(1 + s/w,) 


Eis) @ 


, 
CAR, R2C3 


Fig. 3 — Circuit diagram of redrawn Figure 2. Note that this is the same 
type of loop filter as in the type 2 second-order loop with an additional 
RC time constant. 
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The actual design is best done with the computer program. A 
more complex filter as an application is shown in Figure 4. 


0.018 pF 


Fig. 4 — Phase/frequency comparator and loop for the 72 to 92 MHz 
frequency synthesizer. 


A detailed overview on how to design a synthesizer is found in 
the book, Microwave and Wireless Synthesizers: Theory and Design, 
by Ulrich L. Rohde, to be published in August, 1997, by John Wiley 
& Sons, New York, NY, ISBN: 0471-52019-5. 


Design pitfalls can cause noisy oscillator output. The typical 
positive three-terminal regulator is based on an NPN emitter 
follower, and therefore drives its load from a very low impedance. 
These devices have been known to burst into oscillation when driving 
Capacitive loads. Installing RF choke (<1 yH) between the output 
pin and any bypass capacitors may prevent these spurious 
oscillations. Regulator circuits are now available with PNP-based, 
collector-driven output (Figure 5); these produce only a fraction of 
the output noise produced by standard NPN-emitter-follower types. 
Although they involve a slightly higher parts count than their 
emitter-follower equivalents, their better performance justifies the 
additional investment. 


ci? 
° 


191 190 
SV sv 


on 
C10 
39¥,10¥ s5u.105 
Ave 
180 
pip 12 0B Lows 
ry) 


Fig. 6 — Evaluation 
circuit for phase locked 
loop (courtesy of 
Motorola). 1% cs as 


Control Vonage 


Input+ . 
214-22V 


Common 
Fig. 5 - Schematic diagram of a 723-based regulator with extremely low 
output noise and low input-output voltage differentia! (0.5V). Its excellent 
noise performance is due to the fact that the PNP pass transistor Q1 
acts as a current source and therefore produces much less noise for a 
given value of C.. 


Typical performance: 
Regulated output voltage is 12V 
Line Regulation (12.5V < V,,,,, <15V) 3mV 


Load Regulation (Al sce = 1A) 5mV 


R,+R 
=o *ty  =12V 
R 


2 


Vour 


As far as the best application of VCOs and synthesizer chips is 
concerned, the factory engineers are happy to work with their 
customers to optimize the design. Further details are found in the 
previously mentioned book, Microwave and Wireless Synthesizers: 
Theory and Design, by Ulrich L. Rohde. 


Finally, for those interested in building a complete synthesizer 
using Synergy VCOs, Figure 6 shows an evaluation circuit proposed 
by Motorola. 


us “sv 
74HCT241 PT Re cz 


hs | 
| 
| 
Ls ane 
| 
a | 
NOTES: 
1. All ceramic capacitors and resistors are 1206 surface mount, 
5% tolerance. 


2. Default unit for capacitance is pF. 

3. Default unit for resistance is ohms. 

4. board material is 1/16” thick G10. 

5. Test points are 0.04” diameter plated through holes. 

6. Board shown in 190 version. For 191, J10 is connected to 5V. 
R2 is changed to 22k and U1 is MC145191. 

7. As shipped, J9 isn’t present and board operates in crystal mode. 


ALAR wa aarlo 
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DEFINITION OF TERMS 


Output Power - The output power of a synthesizer, typically 
expressed in dBm, is measured into a 50 ohm load. The 
output power varies with frequency and temperature, and is 
always combined with the specification for output power 


tolerance. 


Step Size - The step size frequency in conventional PLL 
circuits is the same as the reference comparison frequency 
at the phase detector. It also signifies the change of the 
output frequency for a step increment or decrement step. In 
most applications, the step size is dictated by the channel 


spacing of the radio system. 


Settling Time - The maximum amount of time required for 
the output frequency to reach a stable state. The reference 
and output frequencies reach frequency and phase lock 
conditions. The major factors that affect settling time are 
register VCO tuning speed, register loading time, loop filter 


bandwidth and loop filter order. 


Spurious Reference Frequency Sideband - Spurious 
signals that result fom unwanted FM modulation in the control 
lines. The most likely cause is phase detector pulse 


components that leak through the loop filter. 


Non-Harmonic Spurious - Spurious sidebands appearing 
at the output not related to the reference frequency. 
Modulating signals of any kind at the VCO control line will 
cause spurious sidebands at the output. Non-Harmonic 
Sideband spurs usually result from noisy power supply/data 
lines. Proper AC bypassing and supply decoupling are critical 
for rejecting non-harmonic sideband spurious. Additionally, 


good grounding techniques must be exercised. 
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Harmonic Output Power - The harmonic content is 
measured relative to the output power. Typical harmonic 
suppression is 10 to 20 dB. In narrow band applications, this 


parameter can be improved. 


Phase Noise - affects the system performance in such areas 
as multiple signal selectivity and signal to noise ratio. The 
phase noise inside the loop bandwidth is of a synthesizer is 
mainly controlled by the quality of the reference input signal 
source, loop filter, step size, and noise of the associated 
circuitry, including the phase detector noise floor. The VCO 


noise outside the loop is unaffected by the loop parameters. 


Power Supply Requirements - The VCC1 and VCC2 power 
supply lines should be well isolated from each other to 
minimize interference to the VCO control line. The power 
supply voltage should not change by more than +/-2.5% from 


the specified specification for proper operation. 
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~~) INTEGRATED FREQUENCY 


a 
ms "ey 


SURFACE-MOUNT 


DC BIAS OUTPUT 
REQUIREMENTS POWER 


TYPICAL 
SETTLING TYPICAL TYPICAL SPURIOUS 


TIME PHASE NOISE HARMONIC 

dBc/Hz SUPPRESSION Lesley PACKAGE MODEL 
Offset at 2nd 3rd SUPPRESSION 

(mSec) 10 KHz/100 KHz (dBc) 


FREQUENCY 
RANGE 


Vec1 & 2 CURRENT 
(Volts) Tolerance 


(MHz) 


41-60 25 +5/+12 50 +5 +2 -100/-120 197 SPLL41SA © 
120-176 125 +5/+12 40 +5 +2 -105/-125 197 SPLL121SA © 
139-196 16 +5/+5 45 0 +3 -95/-120 124S SPLL139SA © 
291-325 = 50 +5/+5 45 0 +3 -95/-120 124S SPLL291SA © 
291-310 5 +5/+5 45 +5 +1 -100/-120 124SL SPLL291SB & 
304-307 25 +5/+5 35 0 +3 <15 -110/-130 20 15 60 124S SPLL304SA 0 
376-383 25 +5/+5 35 0 aH <15 -110/-135 20 15 60 124S SPLL376SA 0 
392-411 25 +5/+5 35 0 aise: <15 -95/-120 15 15 60 124SL SPLL392SA © 
400-750 250 +5/+15 45 +5 3 <5 -95/-120 10 15 60 198 SPLL400SA 4 
477-512 =25 +5/+5 45 0 +1 <15 -95/-120 10 15 60 124SL SPLL477SA ¥ 
490-525 50 +5/+5 45 0 +3 <15 -110/-135 20 15 60 124S SPLL490SA ¥ 
550-850 25 +5/+15 45 0 +3 <15 -100/-125 10 15 60 124S SPLL500SA ¥ 
565-595 50 +5/+5 45 0 +3 <15 -95/-120 15 15 60 124S SPLL565SA ¥ 
595-6057 25 +5/+5 35 0 +3 <15 -105/-130 20 15 60 124S SPLL595SA ¥ 
630 = 73077725 +5/+15 45 +5 +2 <15 -100/-120 15 15 60 124S SPLL630SA ¥ 
695-705 25 +5/+5 35 0 +3 <15 -105/-130 20 15 60 124S SPLL695SA ¥ 
COMMON SPECIFICATIONS 
Output Impedance: 500hms_ *Reference Input Frequency : 5 to 40 MHz Operating Temperature:-20°C to +70°C 
Reference Input Voltage: >0.5 V p-p Contact the factory for more stringent operating temperature range 


* . Must be a multiple of the step size 

¥ - Programming Type - Same programming as National Semiconductor LMX2320 chip 

® - Programming Type - Same programming as National Semiconductor LMX2325 chip 

©- Programming Type - Same programming as National Semiconductor LMX2332A chip, IF section 

=- Programming Type - Same programming as Peregrine Semiconductor PE3282A fractional N PLL chip. 


PIN-OUT TABLE 


RF Out Vcc1 Vcc2 Clockin Latch Enable Datalin F_,,In Lock Detect § External Ground Package 
Style 


2,3,14,15  124SL,124S 
All Other 198 
All Other 197 


Note: 


 - External V, — Normally not connected 


tune 


For pin location and package outline drawings, see back pages. 
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I) INTEGRATED FREQUENCY 
SYNTHESIZERS 


SURFACE-MOUNT 


FREQUENCY oiccucnre petntelt SETTLING TYPICAL TYPICAL Secu 
RANGE TIME PHASE NOISE HARMONIC REL ESENCE 


Vect & 2 CURRENT preter cer icaaea ae SIDEBAND 
Pp 
(Volts) Max. Tolerance 40 KHz/100 KHz (dBc) SUPPRESSION 


PACKAGE 


-105/-130 SPLL779SA 
-100/-125 SPLL800SA 
-105/-130 SPLL827SA 
-105/-130 SPLL845SA 
-105/-130 SPLL869SA 


-105/-130 SPLL895SA 
-105/-130 SPLL914SA 
-95/-120 SPLL939SA 
-95/-115 SPLL950SA 
-86/-106 SPLL950SB 


-105/-130 SPLL962SA 
-105/-130 SPLL980SA 


779 - 806 +5/+5 
+5/+5 
+5/+5 
+5/+5 
+5/+5 


895 - 905 +5/+5 
914-941 25 +5/+5 
939-964 25 +5/+5 
950-1050 100 +5/+5 
950-1550 1000 +5/+15 


962-995 25 +5/+5 
980-1005 25 +5/+5 


+O000 -OoCoO +O 


193] 
KK COCRKKK KKKKK 


oo 


COMMON SPECIFICATIONS 


Output Impedance: 500hms_ *Reference Input Frequency : 5 to 40 MHz Operating Temperature:-20°C to +70°C 
Reference Input Voltage: >0.5 V p-p Contact the factory for more stringent operating temperature range 


* . Must be a multiple of the step size 
¥- Programming Type - Same programming as National Semiconductor LMX2320 chip 
® - Programming Type - Same programming as National Semiconductor LMX2325 chip 


PIN-OUT TABLE 


RF Out Vcct Vcc2 Clockin Latch Enable Dataln F..In Lock Detect § External Ground Package 
Input Output Vv Style 


tune 


13 12 16 4 9 -- 2,3,14,15 124S 


For pin location and package outline drawings, see back pages. 
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NY INTEGRATED FREQUENCY 
SYNTHESIZERS 


SURFACE-MOUNT 


TYPICAL 
SPURIOUS 
REFERENCE 
SIDEBAND 
SUPPRESSION 


DC BIAS OUTPUT 
FREQUENCY SETTLING 
RANGE REQUIREMENTS POWER TIME 
Vcec1 & 2 CURRENT 
(Volts) 


TYPICAL 
PHASE NOISE HARMONIC 
dBc/Hz SUPPRESSION 
Offset at 2nd 3rd 
10 KHz/100 KHz (dBc) 


TYPICAL 


Tolerance 


(MHz) (mSec) 


101 - 109 
136 - 146 
162 - 172 
700 - 730 
750 - 780 


820 - 850 


<15 
<15 
<15 
<15 
<15 


<15 


-105/-125 
-95/-120 
-95/-120 
-100/-125 
-95/-120 


-95/-120 
-90/-125 


JPLL100SA 
JPLL135SA 
JPLL161SA 
JPLL700SA 
JPLL750SA 


JPLL820SA 
JPLL944SA 


944 - 952 + <15 


COMMON SPECIFICATIONS 


Operating Temperature:-20°C to +70°C 
Contact the factory for more stringent operating temperature range 


Output Impedance: 50 ohms *Reference Input Frequency: 5 to 40 MHz 
Reference Input Voltage: >0.5 V p-p 


* . Must be a multiple of the step size 

¥ - Programming Type - Same programming as National Semiconductor LMX2320 chip 

® - Programming Type - Same programming as National Semiconductor LMX2325 chip 

@- Programming Type - Same programming as National Semiconductor LMX2332A chip, IF section 


PIN-OUT TABLE 


In Lock Detect Ground 


Output 


Vcc1 Vcc2 Clockin Latch Enable Dataln’  F Package 


Style 


RF Out 


ref 


For pin location and package outline drawings, see back pages. 
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I) INTEGRATED FREQUENCY 
SYNTHESIZERS 


SURFACE-MOUNT 
HIGH FREQUENCY 


FREQUENCY EE Nardelli oer SETTLING LYRICAL Bee Sane 
— TIME PHASE NOISE HARMONIC REFERENCE 


Vect & 2 CURRENT Sica Seiad cto SIDEBAND 
(Volts) Max. Tolerance 40 KHz/100 KHz (dBc) SUPPRESSION 


+5/4+15 -90/-115 SPLH1000SA 
+5/+15 -92/-120 SPLH1000SB 
+5/+18 -92/-120 SPLH1000SD 
1290 - 2000 +5/+15 + -95/-120 SPLH1290SA 


1400 - 1600 +5/+15 -95/-120 SPLH1400SA 
1470 - 2070 +5/+15 4 -90/-110 SPLH1470SA 
1485 - 1635 +5/+10.5 -95/-120 SPLH1485SA 
1500 - 2050 +5/+15 -95/-120 SPLH1500SA 
1525 - 1560 +5/+5 + -100/-125 SPLH1525SA 


1685 - 1780 +5/+5 -90/-115 SPLH1685SA 
+5/+15 -86/-106 SPLH1750SA 
+5/+5 -95/-120 SPLH1880SA 
+5/+5 -90/-115 SPLH1885SA 
1900 - 2100 +5/+15 nik -86/-106 SPLH1900SB 


1900 - 2400 +5/+15 a -90/-110 SPLH1900SA 
2000 - 2060 +5/+5 + -95/-120 SPLH2000SA 
2050 - 2600 +5/+15 + -87/-106 SPLH2050SA 
2115 - 2230 +5/+10.5 -95/-120 SPLH2115SA 
2330 - 2540 +5/+12 ch -90/-115 SPLH2330SA 
2420 - 2480 +5/+5 a -90/-110 SPLH2400SA 


600000 6660060 KOOCGCO BOO 


COMMON SPECIFICATIONS 


OutputImpedance:500hms_ *Reference Input Frequency : 5 to 40 MHz Operating Temperature: -20°C to +70°C 
Reference Input Voltage: >0.5 V p-p Contact the factory for more stringent operating temperature range 


* . Must be a multiple of the step size 
¥ - Programming Type - Same programming as National Semiconductor LMX2320 chip 
® - Programming Type - Same programming as National Semiconductor LMX2325 chip 


PIN-OUT TABLE 


RF Out Vcc1 Vcc2 Clockin Latch Enable Dataln F,, Lock Detect Ground Package 
Input Output Style 


2,3,14,15 124SL,124S 
All Others 197 


For pin location and package outline drawings, see back pages. 
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WS INTEGRATED FREQUENCY 
SYNTHESIZERS 


SURFACE-MOUNT 
HIGH FREQUENCY 


DC BIAS OUTPUT TYPICAL 


FREQUENCY SETTLING | TYPICAL TYPICAL 
RANGE REQUIREMENTS ros TIME | PHASE NOISE | HARMONIC oo 


REFERENCE 
Vect & 2 CURRENT Segall SUPPRESSION /| ' SIDEBAND 


Offset at 2nd 3rd 
(Volts) Max. Tolerance (mSec) 40 KHz/100 KHz (dBc) SUPPRESSION 


PACKAGE 


(MHz) 


1705 - 1780 +5/+5 
1710-1770 +5/+5 
1760 - 1830 +5/+5 
1775 - 1885 +5/+5 
1790 - 1850 +5/+5 


1850 - 1910 +5/+5 
1880 - 1960 +5/+5 
2060 - 2140 +5/+5 
2320 - 2400 +5/+5 
2440 - 2470 +5/+5 


-90/-115 JPLH1705SA 
<15 -90/-115 JPLH1710SA 
<15 -90-115 JPLH1760SA 
<15 -95/-120 JPLH1775SA 
<15 -90/-115 JPLH1790SA 


<15 -90/-115 JPLH1850SA 
<15 -95/-120 JPLH1880SA 
<15 -90/-115 JPLH2060SA 
<15 -95/-120 JPLH2320SA 
<15 -90/-115 JPLH2440SA 


COMMON SPECIFICATIONS 


OoOO0O0OO°O scooooS 
B88 01K KG KKK 


Output Impedance: 50o0hms_ *Reference Input Frequency : 5 to 40 MHz Operating Temperature: -20°C to +70°C 
Reference Input Voltage: >0.5 V p-p Contact the factory for more stringent operating temperature range 


* . Must be a multiple of the step size 
¥ - Programming Type - Same programming as National Semiconductor LMX2320 chip 
® - Programming Type - Same programming as National Semiconductor LMX2325 chip 


PIN-OUT TABLE 


RF Out Vcec1t Vcc2 Clock In Latch Enable Dataln F_. In Lock Detect Ground Package 


ref 


Input Output Style 


For pin location and package outline drawings, see back pages. 
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MIXERS 


INTRODUCTION 


Radiocommunication requires that we shift a baseband informa- 
tion signal to a frequency or frequencies suitable for electromag- 
netic propagation to the desired destination. At the destination, we 
reverse this process, shifting the received radiofrequency signal 
back to baseband to allow the recovery of the information it con- 
tains. This frequency-shifting function is traditionally known as mix- 
ing; the stages that perform it, as mixers. Any device that exhibits 
amplitude-nonlinear behavior can serve as a mixer, as nonlinear 
distortion results in the production, from the signals present at the 
input of a device, of signals at new frequencies. Even a rusty screw 
or bolt on an antenna element can act as a mixer, producing un- 
wanted IMD products that appear at the receiver input. 


Although mixers are equally important in wireless transmission 
and reception, traditional mixer terminology favors the receiving case 
because mixing was first applied as such in receiving applications. 
Thus, the signal to be frequency-shifted is applied to the mixer’s RF 
port, and the frequency-shifting power or voltage (from a /ocal oscil- 
lator [LO]) is applied to the mixer’s LO port, resulting in two outputs 
at the mixer’s intermediate frequency (IF) port. If the wanted IF is 
lower in frequency than the RF signal, the mixer is a downconverter, 
if the wanted IF is higher than the RF, the mixer is an upconverter. 
Converter may also be used as a term for a single stage that simul- 
taneously acts as mixer and LO. 


For a given RF signal, an ideal mixer with a perfect LO (that is, an 
LO with no harmonics and no noise sidebands) would produce only 
two IF outputs : one at the frequency sum of the RF and LO, and 
another at the frequency difference between the RF and LO. Filter- 
ing can be used to select the desired IF product and reject the un- 
wanted one, which is sometimes referred to as the /F image. 


Amplitude 


O fr 


far flo fimage 


Figure 1 - Relationship between a mixer’s image and desired- 
signal responses. The image is 2fi- away from the desired 
signal. 


The simultaneous generation of LO+RF and LO-RF outputs re- 
sults not from a departure of mixer performance from the ideal, but 
from the mathematics of mixing itself. Another unavoidable mixing 
artifact, the RF image response, also results from the mathematics 
of mixing rather than mixer nonideality. Just as a given RF/LO com- 
bination produces two IF outputs (LO+RF and LO-RF, the IF and iF 
image), the mixer will produce output at the desired IF (LO+RF or 
LO-RF) in response to two possible RF inputs: one at LO+IF and 
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another at LO-IF (Figure 1). The undesired response, the RF im- 
age (traditionally referred to merely as the image), is 2f\- removed 
from the desired response. Even if no manmade signals exist at the 
RF image frequency, reducing a mixer’s RF image response can 
be important because noise at that frequency, including that pro- 
duced by circuitry between the mixer and antenna, will still be mixed 
to the desired IF, degrading the signal-to-noise ratio. Filtering and 
phasing techniques can be used to reduce the RF or IF image re- 
sponses—filtering if the image is sufficiently removed from the de- 
sired response for filtering to provide the necessary rejection, phas- 
ing if the desired and image responses are insufficiently spaced for 
filtering to work, as in the case of a double-conversion receiver in 
which signals at a high first IF (for example, 50 to 70 MHz), must be 
converted to a very low first IF, such as 25 kHz. 


The output of every real mixer includes a vast number of addi- 
tional unwanted products, including noise, the fundamentals of the 
mixer’s RF and LO signals and their harmonics, and the sums and 
differences of the RF and LO and their harmonics. Intermodulation 
distortion between multiple signals present at the RF port, and IF 
output resulting from the mixing to IF of LO noise-sideband energy 
by strong adjacent signals further complicate a mixer’s output spec- 
trum and may compromise system performance. 


All mixers are multipliers in the sense that the various new out- 
puts they produce can be described mathematically as the multipli- 
cative products of their inputs. 


Let us now consider the basic theory of mixers. Mixing is achieved 
by the application of two signals to a nonlinear device. Depending 
upon the particular device, the nonlinear characteristic may differ. 
However, it can generally be expressed in the form: 


1=KV+v,+v,) (1-1) 


The exponent n is not necessarily an integer, V may be a dc off- 
set voltage, and the signal voltages v; and v2 may be expressed as 
V1 = V1 sin (at) and v2 = V2 sin (apt). 


When n = 2, (1-1) may then be written as: 


1=K|V +V,sin@,t)+V, sin@,t)f (1-2) 


This assumes the use of a device with a square-law characteris- 
tic. A different exponent will result in the generation of other mixing 
products, but this is not relevant for a basic understanding of the 
process. Expanding (1-2), 


1=K{[V? +V, sin’?@,t)+V? sin?@,t)+2V V, sin@,t) 
+2V V,sin@,t)+2V, V, sin(w,t sin@,t)] 
(1-3) 


The output comprises a direct current and a number of alternat- 
ing current contributions. We are interested only in that portion of 
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the current that generates the IF; so, if we neglect those terms that 
do not include both V; and V2, we may write: 


I, =2K V, V, sin@,t)sin@,t) 
I, =KV, V, {os[(o, -o, }]- cos[(o, +o, }} 
This means that at the output, we have the sum and difference 


signals available, and the one of interest may be selected by the IF 
filter. 


(1-4) 


PROPERTIES OF MIXERS 
1-1-1 Conversion Gain/Loss 


Even though a mixer works by means of amplitude-nonlinear 
behavior in its device(s), we generally want (and expect) it to act as 
a linear frequency shifter. The degree to which the frequency-shifted 
signal is attenuated or amplified is an important mixer property. 
Conversion gain can be positive or negative; by convention, nega- 
tive conversion gains are often stated as conversion loss. 


In the case of a diode (passive) mixer, the insertion loss is calcu- 
lated from the various loss components: 


Loss (dB) = Conversion Loss + Transformer Loss 
+ Losses due to harmonic generation + Diode Loss (1-5) 

In the case of a doubly balanced mixer, we must add the trans- 
former losses (on both sides) and the diode losses as well as the 
mixer sideband conversion, which accounts, by definition, for 3 dB. 
Ideally, the mixer produces only one upper and one lower sideband, 
which results in the 3-dB loss compared to the input signal. Also, 
the input and output transformers add about 0.75 dB on each side, 
and of course there are the diode losses because of the series 
resistances of the diodes. This total loss is still defined as conver- 
sion loss for all Synergy mixers. 


ID 
Ch*20°% 
8-20Q 
Rg 
Rp =26 mV = Ip 


Figure 2—Equivalent circuit of a mixer diode. 


Figure 2 shows the equivalent circuit of a diode. It consists of a 
series (loss) resistor Rs and a time-variable electronic resistor, typi- 
cally called the diffusion resistance, Rp, and a capacitance Cp shunt- 
ing Rp. Cp can be found from 


mee 25 


ye Wa 


D 


where D is the diffusion constant, a material-dependent value, 
and W is the physical width. The average value for Rp is some- 
where between the calculated value of 26 mV//p and some leakage 
current, simply because it is generated by a rectification mecha- 
nism, which turns the LO power into an RF current and then into a 
combination of dc and RF currents. 
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We can calculate the diode loss according to: 


50+(2xR 
Diode Loss (dB) = log10 [ores Ral) (1-7) 


Assuming that Rs = 8 Q, the diode loss for a diode-ring mixer, 


Diode Loss (dB) = log10 (x28) = 0.5 dB (1-8) 
From (1-5), the insertion loss for this mixer is therefore: 
Loss (dB) = 3 dB (conversion loss) + 

1.5 dB (transformer loss) + 

1 dB (losses from harmonic generation) + 

0.5 dB (diode loss) = 6 dB (1-9) 


This assumes mixing at the fundamental frequency. Sometimes 
the diode loss resistor Rs is as high as 25 Q per arm (as ina MOSFET 
switch), or 50 Q total. This now results in 


Loss (dB) = 3dB+1.5dB+ 
1 dB + 3 dB = 8.5 GB (Insertion Loss) (1-10) 

Since the value of Rs is partially determined by the threshold 
voltage of the diode and the diode diffusion resistance, Rp, a wide 
range of values can be noticed for different drive levels and mixer 
topologies. Figure 2 shows a shunt capacitance Cp, the so-called 
diode diffusion capacitance. When the diode is conducting, the in- 
fluence of this nonlinearity is frequency-dependent, which adds to 
the insertion loss. In this discussion we have not considered its 
frequency-dependency. At wireless frequencies, modern Schottky 
diodes, also frequently called hot-carrier diodes, are operated far 
from their cutoff frequency, resulting in less than 1 dB of additional 
losses. There are also mixers with special circuitry to terminate the 
IF image. This is done with a diplexer circuit or equivalent circuitry. 


1-1-2 Noise Figure 


Like any network, a mixer contributes noise to the signals its fre- 
quency-shifts. The degree to which a mixer’s noise degrades the 
signal-to-noise ratio of the signals its frequency-shifts is evaluated 
in terms of noise factor and noise figure. 


For a long time, the literature has stated that the noise figure of a 
passive mixer, which is pretty much independent of its circuit ar- 
rangement, is equal to the mixer’s conversion loss. But this ne- 
glects the influence of the white-noise contribution of the mixer’s 
diode(s). This is ironic, considering that RF noise generators were 
long based on thermionic diodes operated in saturation (the 5722 
noise diode was a popular type). Such a diode’s noise-power out- 
put can be readily determined from its saturation current. On the 
other hand, all Schottky diodes, while conducting, generate white 
noise that follows the same principle as above. This fact has been 
practically recognized only by a few companies that make modern 
noise-measurement equipment. Modern noise-measurement de- 
vices measure the noise figure of a system by “hot and cold” tech- 
nique, an approach based on knowledge of the absolute noise 
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energy emitted under hot conditions (conductance). This method 
has the advantage that it can be used up to several tens of giga- 
hertz, while the old vacuum-tube-based noise generators ran out of 
steam at around 1 GHz due to the inability to match the tube to the 
50-Q termination. This was typically accomplished by connecting a 
50-Q resistor between anode and ground (without dc connection), 
followed by a low-pass filter, which would match the tube capaci- 
tance and other parasitics to the required termination of 50 Q, purely 
resistive. 


In reality, we can take the loss calculation from above and add 
the Schottky noise generated by the diodes as they are driven by 
the local oscillator. 


If a Schottky diode is used as a noise generator in the conductive 
mode, it generates a continuous frequency spectrum, possibly up 
to several gigahertz. There is a mathematical relationship between 
the noise power spectrum emitted by the diode and the time-aver- 
aged current of this diode, which generates the noise. If the noise 
source impedance is set (typically 50 Q), the available noise power 
can be calculated according to: 


Tp =2exI, x Af 
(1-11) 


where 

e = 1.6 x 10-19 coulombs 

/, = saturation current of the diode 

Af = effective noise bandwidth 

For S;; = 0 or proper termination of this circuit (R¢ = Rtenm): 


e (1-12) 
=—xI,xAf xR; 

2 
Calculated at a bandwidth of 1 Hz: 
P. 
=R = Fy 7 XR (1-13) 
Af er2 
If 
P R 
—-=kT,xF 1-14 
Af 0 (1-14) 

the noise factor becomes 
_ ex I, xR, 
ey? kT, (1-15) 


If the vaiues for e and kTp are inserted, 
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26 mV mn Ro + Ke 
i; 2R, 


F=20xI,x (1-16) 


Example. Assume the passive mixer mentioned above with its 6- 
dB conversion loss is considered and a dc current of 15 mA results 
as a function of the LO drive. Since /p gets cancelled, the noise 
factor (F) of the diode portion equals 


26mV | Rs + Re 
fe 2R, 

= 0.52 +0.58 

=1.1 


F =20xI, x 


(1-17) 


The noise figure, NF, is 10 log F, or 0.413 dB. Now this number 
and the insertion loss must be added. The resulting noise figure 
would be 6.413 dB. This is consistent with published measurement 
data. 


Exact mathematical nonlinear approach. The exact noise factor 
of a real mixer is computed by the formula 


= No )+kTy 


= (1-18) 
K,T,Gy, ©p-) 


where 


No( ar) = total noise power (per unit bandwidth) delivered to the 
IF load at intermediate frequency 

Kg = Boltzmann's constant 

To = Reference temperature (290 or 300 K is commonly used) 
Gr-(@prr) = Transducer conversion gain from apr to apr. 

Let us now further elaborate on (1-18). We may write 


No ©, )= Ny © )+ Nir ©, )+ N, ©, )+ Egat tnt9) 

where Ns is noise-generated by the RF source resistance and 
transferred to the IF load through frequency conversion, Nir is noise 
generated internally to the mixer, and N, is noise generated by the 
IF termination. If the source resistance is held at temperature To, 
Ng will basically originate from noise generated at the RF and im- 
age frequencies, which are transferred to the IF with approximately 
the same conversion loss, plus a relatively small contribution trans- 
ferred from other sidebands with a smaller conversion loss. We 
may then write synthetically 


N; ©, )= 2aK ,T,Gz, xr) 20) 
where a is a coefficient slightly larger than 1. Nivr(@rr) is gener- 
ated by transformer losses, by the diode Schottky noise and by the 
diode resistive parasitics, and in principle may take on any value; in 
particular, it may be zero if both the transformers and the diodes are 
ideal (that is, if the latter are pure nonlinear resistors). As for Ni (q@F), 
by Nyquist’s theorem the IF load resistor R, may be described as a 
noiseless resistor in series with a noise voltage source whose 
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mean-square voltage (per unit bandwidth) is 


v,| =4K,T,R, (1-21) 


where 7, is the IF termination temperature. If the IF load is driven 


by a source with an output impedance Z,,( ae), the noise power 
actually delivered to the load will obviously be 


be AK TR 
AS (© )+ R, i 


out 


(1-22) 


In addition to Nout, the thermal noise originating from the IF termi- 
nation delivered to the IF load at @, will also include contributions 
from other sidebands that are back-converted by the mixer 
nonlinearities with a relatively small conversion gain. Thus we may 
write 


4bK ,T, R? 
Zi ( IF )+ R, ° 


where 0 is slightly larger than 1. If we now introduce the mixer 
conversion loss, namely 


N, (0, )= (1-23) 


1 
s Gz, pe ) 


and combine (1-18) with (1-19), (1-20) and (1-23), we finally get 
the noise factor expression 


Le (1-24) 


Nr ©» )tAT 
K,T, 


AbT, R; 


F=2a+ 
Tze ©; )+ R,| 


c Le (4-25) 


In the normal region of operation of the mixer (sufficient LO drive) 
we may assume 


Z out (@ IF: R, 


(1-26) 
so that (1-25) becomes 
N i 
ja ore wr © p )+k pedir (4-27) 
KT) Ty 


Multiplying the logio of F by 10 gives us the exact mixer noise 
figure in dB. 


Table 1-1 shows how the noise figure and conversion loss vary 
with LO power for a generic diode DBM (Figure 3). “Starving” a 
diode mixer by decreasing its LO drive rapidly degrades its perfor- 
mance in all respects. 
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Table 1-1 Noise Figure and Conversion Loss 
versus LO Power for a Diode DBM 


LO Power (dBm) NF (dB) Conversion Loss (dB) 
-10.0 45.3486 -45.1993 
-8.0 32.7714 —32.5264 
-6.0 19.8529 -—19.2862 
4.0 12.1154 —11.3228 
-2.0 8.85188 —8.05585 
0.0 7.26969 —6.51561 
2.0 6.42344 —5.69211 
4.0 5.85357 —5.15404 
6.0 5.50914 4.84439 
8.0 5.31796 —4.66871 
10.0 5.19081 —4.54960 
12.0 5.08660 —4.45887 
14.0 4.99530 —4.38806 
16.0 4.91716 —4.33322 
18.0 4.85920 —4.29407 
20.0 4.82031 —4.26763 
LO 


RF 


x 


Figure 3 — Generic diode DBM. 


1-1-3 Linearity 


1-dB compression point. Like other networks, a mixer is ampli- 
tude-nonlinear above a certain input level; above this point, the 
output level fails to track input-lievel changes proportionally. This 
figure of merit, P_1gp, identifies the single-tone input-signal level at 
which the output of the mixer has fallen 1 dB below the expected 
output level. The 1-dB compression point in a conventional double- 
balanced diode mixer is approximately 6 dB below the LO power. 
For Triple Balanced mixers, it is usually 3 dB below the LO power. 


1-dB desensitization point. This specification is another figure 
of merit similar to the 1-dB compression point. However, the 1-dB 
desensitization point refers to the level of an interfering (undesired) 
input signal that causes a 1-dB decrease in nominal conversion 
gain for the desired signal. For a diode-ring Doulbe Balanced Mix- 
ers (DBM), the 1-dB desensitization point is usually 2 to 3 dB below 
the 1-dB compression point. 


Dynamic range. The dynamic range of any RF/wireless system 
can be defined as the difference between the 1-dB compression 
point and the MDS (minimum discernible signal). These two points 
are specified in units of power (dBm), giving dynamic range in dB. 
When the RF input level approaches the 1-dB compression point, 
harmonic and intermodulation products begin to interfere with the 
system performance. High dynamic range is obviously desirable, 
but cost, power consumption, system complexity, and reliability must 
also be considered. 
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Harmonic intermodulation products (HIP). These are spuri- 
ous products that are harmonically related to the fio and fre input 
signals. 


HIP = Mf. + Mf ar (1-28) 
Table 1-2 shows relative harmonic intermodulation product lev- 
els for a high-level diode DBM. 


intermodulation distortion (IMD). Nonlinearities in the mixer de- 
vices give rise to intermodulation distortion products whenever two 
or more signals are applied to the mixer’s RF port. Testing this be- 
havior with two (usually closely spaced) input signals of equal mag- 
nitude can return several figures of merit depending on how the 
results are interpreted. A mixer’s third-order output intercept point 
(IP3.out) is defined as the output power level where the spurious 
signals generated by (2fgr1 + fre2) + flo and (fre: + 2frr2) + flo 
are equal in amplitude to the desired output signal as 
shown in Figure 4. 


Table 1-2 Typical Spurious Responses of High-Level Double- 
Balanced Mixer (Decibels Below f_otfre Response) 


RFinput 
Signal 
Harmonics flo 2fio 3fLo 4fio 5fio 6fio 7fLo 8fio 
8frr 100 100 100 100 100 100 100 100 100 
7fre 100 97 102 95 100 100 100 90 100 
6frr ROOT O29 972595 100 100 95 100 100 
Stree 90 84 86 72 92 70 Shey 7A) 92 
4fre 90 84 97 86 97 90 100 90 92 
fpr Toro OO" 7/2 72 58 86 58 80 
2frr BEY at eee ied TAY) 82 62 They fe 100 
far SON Gh ams tay at Re) 37 37 45 40 50 

60 60 70 72 if? (a. TAG 70 

THIRD ORDER INTERCEPT POINT ——\ 
Y 

ae 1-dB COMPRESSION / 

S 

rf 

> PRIMARY : 

ro) RESPONSE 

y SPURIOUS TWO TONE 

s FREE INTERMODULATION 

°o DYNAMIC 


NOISE LEVEL 


RF INPUT POWER (dBm) 


Figure 4 — Mixer linearity evaluation, including compression 
and two-tone IMD dynamic range. P_1gp for a single-tone can- 
not be read directly from this graph because the values shown 
are the result of two-equal-tone drive. 


The third order input intercept point, IP3;,—IP3 referred to the 
input level—is of particularly useful value and is the most commonly 
used mixer IMD figure of merit. IP3j, can be calculated according 
to: 

IP,,in = IMR , (n-1) + input power (dBm) (1-29) 
where IMR is the intermodulation ratio (the difference in dB be- 


tween the desired output and the spurious signal, and n is the IM 
order—in this case, 3). In a conventional diode double-balanced 
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mixer, IP3 i, is approximately 14 dB above the single-tone 1-dB com- 
pression point (P_1qs3)—approximately 8 dB greater than the local 
oscillator power. 


Although designers are usually more concerned with odd-order 
IM performance, second-order IM can be important in wideband 
systems (systems that operate over a 2:1 or greater bandwidth). 


1-1-4 LO Drive Level 


A mixer’s specifications are usually guaranteed at a particular LO 
drive level, usually specified as a dBm value that may be qualified 
with a tolerance. Insufficient LO drive degrades mixer performance; 
excessive LO drive degrades performance and may damage mixer 
devices. Commercially available diode mixers are often classified 
by LO drive level; for example, a “Level 17” mixer requires 17 dBm 
of LO drive. 


1-1-5 Interport Isolation 


In a mixer, isolation is defined as the attenuation in dB between a 
signal input at any port and its level as measured at any other port. 
High isolation numbers are desirable. Figure 5 shows LO-to-IF and 
LO-to-RF isolation versus frequency for a triple-balanced diode 
mixer. Isolation is dependent mainly on transformer and physical 
symmetry, and device balance, but the level of signals applied to 
the mixer also plays a role, as shown in Figure 6. 


CHI S21;8M log MAG 10 dB/ REF O dB Lb -S52.225 dB 


Isolation (4B) 
> 
o 


START 


«300 000 MHz STOP 1 100.000 O00 MHz 


Figure 5 — LO-IF and LO-RF isolation versus frequency for a 
high-level triple-balanced diode mixer. 
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Figure 6 — LO-IF isolation versus frequency and LO drive 
level for a high-level diode DBM. 
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1-1-6 Port VSWR 


The load presented by a mixer’s ports to the outside world can be 
of critical importance to a designer. For example, high LO-port VSWR 
may result in inefficient use of available LO power, resulting in LO 
starvation (underdrive) that degrades the mixer’s performance. Fig- 
ure 7 shows LO-port return loss versus frequency for a high-level 
diode DBM with two values of LO power. Like interport isolation, 
port VSWR can vary with the level of the signal applied. 


CH1 S118M log MAG 
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10 dB/ REF O dB 
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Ll 
START +300 000 MHz STOP 3 000,000 000 MHz 


Figure 7 — LO-port return loss versus frequency for a 
high-level diode DBM. 


1-1-7 Dc Offset 


Isolation between ports plays a major role in reducing dc offset in 
a mixer. Like isolation, dc offset is a measure of the unbalance of 
the mixer. In phase-detector and phase-modulator applications, dc 
offset is a critical parameter. 


1-1-8 Dc Polarity 


Unless otherwise specified, mixers with dc output are designed 
to have negative polarity when RF and LO signals are of equal phase. 


1-1-9 Power Consumption 


Circuit power consumption is always important, but in battery- 
powered wireless designs it is critical. Mixer choice may be signifi- 
cant in determining a system’s power consumption, sometimes in 
ways that seem paradoxical at first glance. For instance, a passive 
mixer might seem to be a power-smart choice because it consumes 
no power—until we factor in the power consumption of the circuitry 
needed to provide the (often considerable) LO power a passive mixer 
requires. If a mixer requires a broadband resistive termination that 
will be provided by a post-mixer amplifier operating at a high stand- 
ing current, the power consumption of the amplifier stage must be 
considered as well. Evaluating the suitability of a given mixer type 
to a task therefore requires a grasp of its ecology as well as its 
specifications. 


The simple single-diode-mixer circuit shown in Figure 1-1 is in- 
tended only as an illustration of the basic behavior of diode mixer. A 
practical single-diode mixer would include filtering at its RF, LO and 
IF ports—RF filtering for image rejection, reduced LO radiation and 
optimum matching of the RF source to the diode; LO filtering to 
keep RF out of the LO and optimally match the LO to the diode, and 
IF filtering to optimally match the diode to its IF (and IF image) load, 
preferably while providing some rejection of the mixer’s unwanted 
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outputs, the strongest (and most potentially troublesome) of which 
is the LO signal. 


1-2-1 Single-Balanced Mixer 


Figure 8 shows the schematic of a two-diode, single-balanced 
mixer. It performs multiplicative mixing because its RF and LO sig- 
nals are applied to different ports. In this more commonly seen two- 
diode mixer configuration, a balanced transformer drives the diodes 
out of phase for the LO and in phase for signals present at the RF 
port. The Figure 9 shows how this mixer’s conversion gain and noise 
figure vary with applied LO power. Figure 10 shows how the mixer’s 
conversion loss and noise figure vary with frequency for a constant 
LO power. 


Figure 8 — Schematic of the two-diode (also known 
as single-balanced) mixer. 
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Figure 9 — How the nonideal mixer’s conversion loss and 
noise figure vary with available LO power. In this analysis, 
LO =500 MHz (13 dBm), RF = 500.455 MHz (—20 dBm) and 
IF = 455 kHz. 
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Figure 10 —How the nonideal two-diode mixer’s conversion 
lossand noise figure vary with frequency for a constant LO 
power. In this analysis, LO = 1 to 1500 MHz (2 dBm), RF = 1.455 
to 1500.455 MHz (-40 dBm) and IF = 455 kHz. 


The two-diode mixer is used mostly in the frequency range above 
1 GHz in a manner akin to a phase discriminator, using step-recov- 
ery diodes in the LO feed for enhanced harmonic mixing. Such 
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mixers are mainly used in medium-cost spectrum analyzers or mi- 
crowave receivers up to several tens of gigahertz, with the neces- 
sary transformers and baluns printed on the circuit board. 


With perfectly matched diodes and perfect transformer and con- 
structional symmetry, no LO energy arrives at the IF and RF ports, 
and there is only slight attenuation between the RF and IF ports. 
Both building and computer modeling such a mixer is impossible: 
building, because perfectly matched diodes and perfect transformer 
and constructional symmetry cannot be achieved in practice; com- 
puter modeling, because floating-point mathematics runs out of gas 
in handling the infinite amplitude spread involved in calculating the 
perfect cancellation of the LO signal as it travels to the RF and IF 
ports. That said, Figure 11 compares the mixer’s quasi-ideal port- 
to-port isolation (matched diodes, a perfect transformer, no stray 
inductances and capacitances, and a 10-megohm resistors con- 
nected from port to port) and nonideal port-to-port isolation (slightly 
mismatched diodes and 0.5 pF between the upper terminal of the 
middle winding and ground). 
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Figure 11 — Port-to-port isolation of the quasi-ideal (identi- 
cal diodes and no stray capacitance) and nonideal (slightly 
mismatched diodes and 0.5 pF of stray capacitance between 
the upper terminal of the middle transformer winding 
and ground) two-diode mixer. In this analysis, LO = 1 to 1500 
MHz (2 dBm), RF = 1.455 to 1500.455 MHz (—40 dBm) and 
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Figure 12 — The nonideal mixer’s output spectrum with (a) 
identical diodes and no stray capacitance and (b) slightly mis- 
matched diodes and 0.5 pF of stray capacitance between the 
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upper terminal of the middle transformer winding and ground. 
In these analyses, LO = 310.7 MHz (2 dBm), RF = 300.0 MHz (— 
40 dBm) and IF = 10.7 MHz. Four LO harmonics and 3 LO side- 
bands were used. 


Figures 12a and 12b show the mixer’s output spectrum for the 
quasi-ideal and nonideal cases, respectively. 


4-2-1 Subharmonically pumped single-balanced mixer. 


Figure 13 shows a single-balanced mixer with a difference: anti- 
parallel diode pairs take the place of single diodes, the RF and IF 
are buffered from each other only by filtering, and the LO is applied 
at 1/2 the frequency necessary to provide the desired frequency 
conversion. The RF-to-IF isolation is limited to that provided by the 
seriesed input and output filtering, but the LO-to-IF isolation is higher 
at fLo, and much higher at 2f,0, than that achievable with a DBM 
with the LO signal at 2f,o (Figure 14). Although the example shown 
is for an up-converting HF receiver, this technique finds application 
well into the microwave range as the basis for I/Q modulators, in 
which carrier leakage must be reduced to a level difficult to achieve 
with conventional DBMs. 
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Figure 13 — A subharmonically pumped single-balanced 
mixer using antiparallel diode pairs. The LO operates 
from 40.005 - 55.005 MHz to mix 0.01 - 30.01-MHz RF to an 
IF of 80 MHz. 
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Figure 14 —Simulated interport isolation of the subharmonic 
SBM. For realism, the diodes and transformers are slightly 
mismatched. 
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2-1-1 Diode-Ring Double Balanced Mixer 


Adding two more diodes and another transformer to the singly 
balanced mixer results in a double-balanced mixer (DBM) as shown 
in Figure 15. A DBM’s frequency response is largely determined by 
the frequency response of its transformers. The low-frequency limit 
is determined by the inductance of the transformer windings, the 
reactance of which, at the lowest frequency of interest, should be at 
least four times the impedance at which the transformer operates. 
The upper frequency limit is determined mainly by the degradation 
of the transformers’ transmission-line behavior at higher frequen- 
cies, although the increasing importance of diode capacitance also 
plays a role. 


Figure 15 —Schematic of the diode-ring doubly 
balanced mixer. 


A DBM's interport isolation is determined by the symmetry of its 
transformers, diodes and physical construction. In practice, the ef- 
fects of diode mismatch can by minimized by using a diode quad 
ring crossover with closely matched diode. 


Figure 16 shows how the DBM's conversion loss and noise figure 
vary with applied LO power. Figure 17 shows how the DBM’s con- 
version loss and noise figure vary with frequency for an LO power 
of 7 dBm, with quasi-ideal and nonideal balance. Figure 18 shows 
how the DBM'’s port-to-port isolation differs with quasi-ideal and 
nonideal balance for an LO power of 7 dBm. Figure 19 shows how 
the DBM's RF- and LO-port return loss varies with frequency; the 
sharp peak corresponds to a resonance caused by one of the stray 
capacitances added to simulate less-than-ideal balance in the mod- 
eled mixer. 


Available LO Power (48m) 


Figure 16 — DBM conversion gain and noise figure versus 
LO power. In this analysis, LO = 310.7 MHz (-10 to 26 dBm), RF 
= 300 MHz (-40 dBm) and IF = 10.7 MHz. 


201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 
E-Mail: sales@synergymwave.com * World Wide Web: http://www.synergymwave.com 


50 


20.00 = 
TH + H ie - [ ob ibear? 
4 
X t T iat a & CI CH? 
hii t it poe B 
10.00. Baad 1 ae =. a 
i Po | Gg ideal 
= aa — | 
a 4 
yl | 
i 


ill 


Response 


LO Frequency [MHz] 


Figure 17 — This plot of conversion gain and noise figure 
versus frequency for quasi-ideally and nonideally 
balancedversions of the same DBM reveals that balance plays 
arelatively minor role in the CG and NF performance achieved.In 
these analyses, the LO (-7 dBm) sweeps from 1 MHz to 1500 
MHz and the RF (—40 dBm) sweeps from 1.455 to 1500.455 MHz 
to produce an IF of 455 
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Figure 18 — Interport isolation for DBMs with quasi-ideal and 
nonideal balance. In these analyses, the LO (-7 dBm) 
sweepsfrom 1 MHz to 1500 MHz and the RF (-40 dBm) sweeps 
from 1.455 to 1500.455 MHz to produce an IF of 455 kHz. 
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Figure 19 — Return loss versus frequency for the DBM’s RF 
and LO ports. The sharp peak results from a stray resonance. 
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Figure 20 — Output spectrum of a nonideally balanced DBM. 
In this analysis, LO = 310.7 MHz (—7 dBm) and RF = 300 MHz 
(40 dBm) for an IF of 10.7 MHz. Four LO harmonics and 3 LO 
sidebands were used. 
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Figure 21 — IF-port voltage waveform of the DBM over 100 
cycles of the LO signal. The 310.7-MHz LO and 10.7-MHz IF 
components are clearly evident. 


Figure 20 shows the DBM's output spectrum. Figure 21 shows 
the DBM’s output waveform over 50 cycles of the LO signal. 


Two-tone testing the DBM allows us to characterize its IP3 figures 
of merit. Figure 22 shows the nonideal DBM’s IF and IM3 responses 
for LO powers of —5, 1, 7 and 13 dBm. Figure 23 details how the 
DBM's IP3 increases with LO drive, and Figure 24 shows the de- 
sired IF outputs and close third-order spurs near 10.7 MHz. Figure 
25 shows the DBM’s output voltage over 100 cycles of the LO sig- 
nal, and Figure 26 shows the anode-cathode voltage of one of the 
ring’s diodes, also over 100 LO cycles, both under two-tone IMD 
test conditions. 


Output [48m] 


Input [¢Bm] 


Figure 22 — Diode DBM IF and IM; output versus RF power 


for four LO-drive levels. The responses for LO = 7 dBm have 
been extrapolated to show IP3. Within limits, varying a mixer’s 
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LO drive affects its linear IF output relatively little while signifi- 
cantly affecting IMD. See Figure 23. For all four analyses, 
LO = 310.7 MHz, RF1 = 300.0 MHz (—40 to 10 dBm), and RF2 = 
300.3 MHz (-40 to 10 dBm); 4 LO harmonics and 3 LO side- 
bands were used. 
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Input (48m) 


Figure 23 — Extrapolating the responses for all four LO lev- 
els represented in Figure 22 shows how varying a diode DBM’s 
LO drive shifts its third order intercept point. Although these 
curves indicate that the simulated mixer’s IP3 generally in- 
creases with LO drive, the improvement in IP3 is not as great 
as we might expect. The reason for this is that these four analy- 
ses, as well as the other diode-mixer analyses in this chapter, 
were done using diode models with a threshold voitage (Vy) of 
0.23. If high-level diodes with a V, of about 0.8 V had been used, 
IP3 out for the 13 dBm LO case shown here would increase to 
+13 dBm. IP3), for the 13 dBm LO case would turn out to be 13 
dBm + insertion loss = 13 dBm + 7 dB = 20 dBm. The issue of 
diode damage aside, attempting to increase IP3 merely by driv- 
ing a low- or medium-barrier diode harder eventually results in 
diminishing returns. High-barrier diodes are essential in get- 
ting the best IP; performance with high LO drive. 
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Figure 24 — The DBM’s output in the 11-MHz region during 
two-tone testing. The third-order products are clearly visible 
above and below the desired output signals. The test condi- 
tions for this analysis are those for Figure 22 with LO = 13 dBm. 
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Figure 25 — The DBM’s IF-output voltage over 50 cycles of 
the LO signal. The test conditions for this analysis are those 
for Figure 28 with LO = 13 dBm. 
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Figure 26 — The anode-cathode voltage of one of the DBM’s 
diodes, also over 50 LO cycles under two-tone IMD test 
condtions. The test conditions for this analysis are those for 
Figure 4-28 with LO = 13 dBm. 


A double-balanced mixer, unless it is termination insensitive, is 
extremely sensitive to nonresistive termination. This is because the 
transmission-line transformers do not operate properly when they 
are not properly terminated, and the reflected power generates high 
voltage across the diodes. This effect results in much higher distor- 
tion levels than in a properly terminated transformer. 


2-2 Applications of mixers 


2-2-1 Phase detector. Theoretically, any mixer with a dc-coupled 
IF port can be used as a phase detector. When two signals of equal 
frequency are applied simultaneously to the reference and incom- 
ing signal ports, the phase detector produces a dc output at the IF 
port proportional to the cosine of the phase difference (Figure 28). 


2-2-2 Binary phase-shift keying (BPSK) modulator. Binary 
phase modulation occurs when a positive and negative signal cur- 
rent shifts the RF carrier between 0 and 180°. Figure 29 shows a 
double-balanced mixer operating as a BPSK modulator. 
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Figure 28 — A mixer with a dc-coupled IF port can be used 


as a phase detector. 
: D1 D2 : 


Figure 29 — A diode-ring mixer as phase modulator. 
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Figure 30 — Two biphase modulators form the basis for a 
QPSK modulator. 
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Figure 32 — An image-reject mixer uses phasing to differen- 
tiate between its LO+IF and LO-RF IF outputs. 
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Figure 33 — A diode DBM can be used as a dc-controlled 
attenuator if PIN diodes are used instead of Schottky devices 
in its ring. 


2-2-3 Quadrature phase-shift keying (QPSK) modulator. A typi- 
cal QPSK Modulator consists of two biphase modulators, a 90° di- 
vider, and a 0° power combiner as shown. Data inputs at the control 
ports will cause the carrier to shift between 0, 90, 180 and 270° as 
shown in Figure 30. 


2-2-4 Quadrature IF mixer. A quadrature IF Mixer produces two 
IF outputs in phase quadrature. Its basic structure consists of two 
double balanced mixers, a 90° splitter and 0° splitter. The basic 
block diagram is shown in Figure 31. 


2-2-5 Image-reject mixer. The image-reject mixer consists of a 
basic quadrature IF mixer with an additional 90° hybrid at the IF 
ports as shown in Figure 32. The primary function is to differentiate 
between the real signal and the image signal. This type of device is 
especially useful in applications where the desired RF signal and 
image are so close in frequency that rejecting the image with 
filtering is not practical. 


2-2-6 Diode attenuator/switch. A ring of PIN diodes can be used 
as electronic attenuators by applying variable forward bias to the 
diodes (Figure 33). Maximum attenuation is achieved when the cur- 
rent at the control port is zero. The maximum attenuation is the 
isolation between the input and output port. Minimum attenuation 
(insertion loss) is achieved when the IF port current is 20 mA. 


2-2-7 Single-sideband (SSB) or in-phase/quadrature (I/Q) 
modulator. SSB or |/Q modulators are useful in discriminating and 
removing the lower sideband (LSB) or upper sideband (USB) gen- 
erated during frequency conversion, especially when the sidebands 
are very close in frequency and attenuation of one of the sidebands 
cannot be achieved with filtering. This is the case with audio and 
video modulation, where signals from dc to 10 MHz must be con- 
verted to a higher frequency that is appropriate for transmission. In 
such cases, both sidebands will be very close in frequency to the 
carrier frequency. With an I/Q modulator, one of the sidebands is 
easily cancelled or attenuated along with its carrier. 


Attenuation of the carrier has been the most troublesome aspect 
in the design of passive I/Q modulators. Isolation between the lo- 
cal-oscillator (LO) port and the RF port of the mixers, which is the 
main parameter in determining carrier rejection, is usually insuffi- 
cient at frequencies above 200 MHz. 
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MOD 1 and MOD 2 must be in-phase quadrature 
for SSB operation. 


Figure 34 — An SSB modulator matches two high-frequency 
mixers, a 90° hybrid, and an in-phase power combiner to pro- 
duce an SSB output signal. 


\/Q modulator designs have basically comprised two double-bal- 
anced mixers (Figure 34). The mixers are fed at the LO ports by a 
carrier phase-shifted through a 90°. hybrid. Thus, the carrier signal's 
relative phase is 0° to one mixer and 90° to the other mixer. Modu- 
lation signals are fed externally in phase quadrature to the two mix- 
ers’ IF ports. The mixers’ modulated output signals are combined 
through a two-way, in-phase power divider/combiner. 


The circuit forms a phase-cancellation network to one of the side- 
bands and a phase-addition network to the other sideband. The 
carrier is somewhat attenuated and is directly dependent on the 
inherent LO-to-RF isolation of the mixers and the modulating signal 
level. In industry-standard I/Q modulators, USB suppression results 
when the first modulation port (MOD 1) is fed with a signal that is 
90° in advance of the signal feeding the second modulation port 
(MOD 2). Opposite phasing can be arranged by changing the inter- 
nal phase polarity of the mixers or by interchanging the 90° hybrid 
output ports to the LO ports of the mixers. 
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The phase and amplitude imbalances 
between the various components used in 
the manufacturing of the I/Q modulators 
must be tightly maintained for optimum 
SSB rejection. Matching of the two mix- 
ers for conversion loss and insertion 
phase is extremely critical, since differ- 
ences in these parameters will add to 
amplitude- and phase-imbalance errors. 
The 90° hybrid in the LO port must be in 
nearly perfect phase quadrature. 


Image rejection—dB 


Phase- and amplitude-imbalance errors 
adversely affect sideband suppression 


(Figure 35). In most cases, a typical pas- 
sive |/Q modulator operates with a carrier 
input level of +10 dBm, which is required 
to drive the diodes in the mixers to oper- 
ate in the linear range. The dynamic range 
of these mixers can be significantly im- 
proved by using diodes with a higher bar- 
rier height. The LO signal in this case must 
be increased in order to drive these di- 
odes into conduction in their linear range. 
Carrier rejection is also a problem when 
designing an SSB modulator, since only 
a few decibels of suppression can be 
achieved in standard high-frequency mod- 
els. The major contributor to carrier sup- 
pression is the inherent LO-to-RF isola- 
tion through the mixers. Unfortunately, this isolation is usually poor 
at cellular frequencies (800 to 1000 MHz), where at least 25 dB of 
carrier rejection is necessary. In some cases, designers feed a 
small amount of dc into the IF ports to control the carrier rejection, 
but this complicates the driver circuitry and calls for temperature 
compensation when operating at different temperatures. As an 
example, an SSB modulator is assumed to operate with +10-dBm 
LO drive with each modulating signal at -10 dBm and in phase 
quadrature to each other when applied to the modulating ports 
(MOD 1 and MOD 2). The result will be a modulated signal at -16 
dBm, assuming 6-dB conversion loss. For 20-dB carrier rejection 
with respect to the desired modulated signal, the carrier must be 
at -36 dBm, which translates to LO-to-RF isolation of 46 dB. 


04 08 #412 16 2.0 
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Figure 35 — The 
level of SSB 
rejection improves 
as the phase and 
amplitude imbal- 
ance performance 
of an SSB modula- 
tor improves. 


For 20-dB carrier rejection with respect to the desired modu- 
lated signal, the carrier leakage must be at —-36 dBm, which trans- 
lates to LO-to-RF isolation of 46 dB. 


By employing a subharmonic approach, the performance of SSB 
modulators can be extended beyond the limits of conventional de- 
signs. The approach is based on the use of subharmonic mixers in 
place of Double Balanced-frequency mixers and is applicable from 
about 140 to 3000 MHz. Matched antiparallel diode pairs used in 
single-ended or single-balanced mixer configurations cancel even- 
order intermodulation products (such as 2fLo x 2frer, 3fto x 3frr, 
etc.) at all ports. 


Single-ended mixers lack the port-to-port isolation needed for 
SSB modulator applications. Odd-order products of the RF and 
LO frequencies (even fio x odd fre) and (odd fo x even fr) ap- 
pear on all ports, requiring extensive filtering for satisfactory per- 
formance. For a single-balanced mixer, even harmonics of the LO 
combining with odd harmonics of the RF appear at the IF port, 
whereas odd harmonics of the LO combining with even harmonics 
of the RF appear at the RF and IF ports. This assumes that a 


balanced transformer is placed at the LO port, which is a logical 
choice due to the fact that the highest level signal appears at the 
LO port. Since the desired odd-order IF products appear at both the 
RF and IF ports, a need arises for a diplexing network to isolate the 
RF and IF signals. 


The subharmonic modulator design provides a unique way to iso- 
late the RF and IF signals. A single-balanced harmonic mixer offers 
good LO-to-RF and LO-to-IF isolation but poor RF-to-IF isolation. 
Fortunately, harmonically related signals are spaced well apart in 
the frequency spectrum, simplifying filtering of harmonically related 
signals. 


Harmonic mixing also works well with low LO power levels, with 
somewhat lower 1-dB compression on the RF port than with funda- 
mental-frequency mixing. The ability to operate with LO frequen- 
cies that are a fraction of the carrier frequency (1/2, 1/4, 1/6, etc.) 
significantly reduces the cost of an LO source, especially at higher 
frequencies. Also, using lower-frequency LO sources helps avoid 
the signal-leakage problems inherent with higher-frequency LO 
sources. Minimizing signal leakage, especially at higher frequen- 
cies, becomes expensive and bulky. Subharmonic mixing offers 
several advantages: 


e The technique offers the ability to operate at LO frequen- 
cies that are 1/2, 1/4, or 1/6 of the carrier frequency. For ex- 
ample, for an IF of 100 MHz at an RF of 2 GHz, the LO can be 
(2000+100) + 2 = 950 or 1050 MHz. 

e The LO’s even harmonics are strongly attenuated. 

e The filtering requirements for fundamental frequency and 
odd harmonic signals of the LO are not critical. 

e The cost of generating the LO is reduced due to the fact 
that the LO frequency need only be a fraction of the carrier 
frequency. 


As an example of the performance improvements possible with 
the subharmonic mixers, units were evaluated at both cellular (935- 
to 960-MHz) and PCN/PCS (1.8- to 1.9-GHz) bands. For a conven- 
tional SSB modulator at 1.9 GHz fed with +10 dBm modulation sig- 
nals, carrier rejection is barely 10 dB (36). 
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Figure 36 — This plot of carrier and sideband rejection was 
measured for a conventional SSB modulator operating 
at 1.9 GHz. 
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Figures 37 — The SSB modulator’s return loss as measured 
at the local-oscillator (LO) port 


Return loss—dB 
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Figure 38 — The novel harmonic SSB modulator’s return loss 
as measured at the RF port. 


Sideband rejection can be improved by tuning, but the carrier 
rejection is controlled by the LO-to-RF isolation of the double-bal- 
anced mixers. Conventional double-balanced mixers with high iso- 
lation at cellular and PCN bands are very expensive and large when 
special techniques are used to improve LO to-RF isolation. In con- 
trast, the subharmonic nature of the new approach allows the use 
of lower-frequency, less-expensive components in the modulators’ 
construction. 


The subharmonic modulators offer an improvement of more than 
15 dB in carrier suppression compared to the conventional approach. 


The measured return loss at the LO and RF ports is better than 
18 dB (Figures 37 and 38). Measurements made on a cellular-band 
SSB modulator reveal carrier rejection on the order of 40 dB. 
Typical insertion loss is 7 dB while sideband rejection is 30 dB 
(Figure 39). 


So ee 


3x IF 


0 
-10 


=haletele 
Patertirestec) 


Ph miGAwe TIN Af 
i cal Dl oad 


960 
Frequency—MHz 


Figure 39 — This plot of carrier and sideband rejection as 
measured for the novel harmonic SSB modulator operating at 
cellular frequencies. 


By the virtue of harmonic mixing, even-order mixing products are 
attenuated by about 30 dB with respect to the desired modulated 
output signal. The fundamental-frequency feedthrough into the out- 


put port is approximately 5 dB lower than the desired modulated 
signal, whereas the fourth harmonic mixing with the modulating sig- 
nal is approximately 10 dB lower. Typical loss for fourth-harmonic 
mixing is 17 to 19 dB while maintaining 30 dB of carrier rejection. 


Since harmonically-related products are well-spaced in frequency, 
filtering undesired signals is relatively inexpensive using standard 
octave-bandwidth filters. Low-cost commercial bandpass filters typi- 
cally offer better than 40 to 50 dB attenuation of unwanted har- 
monic signals. Constant-impedance bandpass filters offering good 
impedance match at desired stopbands can also be used in cases 
where harmonically related products require impedance termina- 
tion within a system. 


The subharmonic modulator design is easily applied at custom 
frequencies. Conversion of an SSB modulator with output frequency 
corresponding to twice the LO frequency to one with output corre- 
sponding to four times the LO frequency requires only one compo- 
nent change, in the form of a signal-combining network at the 
modulator’s output. Although the conversion loss of the fourth-har- 
monic LO component mixing with the modulating signal is in the 
vicinity of 18 dB, the cost of generating the LO is drastically re- 
duced with the subharmonic modulator. In spite of higher signal 
loss, the carrier rejection is still at least 30 dB at the fourth har- 
monic, and harmonically related products can be eliminated with 
an inexpensive filter. 


2-2-8 Triple-balanced mixer. Two diode rings can be combined 
to form a double double-balanced mixer, or triple-balanced mixer 
(TBM), as shown in Figure 40. Triple-balanced mixers achieve 
greater higher dynamic range and interport isolation than double- 
balanced designs especially above 1 GHz at the expense of LO 
power and increased complexity and size. The conversion loss of 
Triple Balanced mixers increases by approximately 6 dB as the IF 
frequency is lowered below the sampling LO/RF frequency towards 
DC. 


Figure 41 shows the circuit's interport isolation with the circuit 
configured in a less than ideally balanced form, with small varia- 
tions in transformer-winding inductance and diode parameters in- 
troduced for more realistic modeling. Note that the mixer’s interport 
isolation generally less sloped with frequency, when compared with 
the DBM (Figure 42). 
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Figure 40—A triple-balanced diode mixer. A limitation of this 
configuration is that the internal dc common connections as- 
sociated with its RF and LO transformers disallow usable IF 
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Figure 41—The triple-balanced mixer offers improved high- 
frequency isolation over a standard DBM. 
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Figure 42—The Double-balanced mixer isolation for a DBM. 
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LO=+7 dBm 


EVEN-HARMONIC MIXERS 


An even-harmonic mixer will, by its inherent design, convert 
the fundamental input L.O. frequency into its even harmonics 
(m=2,4 or 8 etc.). These even harmonics will mix with the 
fundamental R.F. frequency to basically produce m L.O. + 
R. F. mixing results. Synergy specifies the 2 L.O. and 4.L.O. 
mixing products, as the higher L.O. even harmonics result in 


SURFACE MOUNT 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 
2LO-RF 4LO-RF 
TYP/MAX _TYP/MAX 
11.5/13.5 17.0/26 
11.5/13.5  17.0/26 


280-800 
280-800 


140-400 
140-400 


500-1800 
500-1800 


_ 250-900 
250-900 


17.0/26 
17.0/26 


11.5/14.5 
11.5/14.5 


800-2400 
800-2400 


400-1200 
400-1200 


12.5/16.5 
12.5/16.5 


18.0/27 
18.0/27 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 


2LO-RF 4LO-RF 
TYP/MAX TYP/MAX 


12.5/16.5 18.0/24 
12.5/16.5 18.0/24 
12.5/16.5 18.0/24 


900-2400 450-1200 DC-300 
900-2400 450-1200 DC-300 
900-2400 450-1200 DC-300 


NOTES: 


1. 1dB Compression Point = -7 dBm (Typ) 
2. IP3(Input)=+4 dBm (Typ) 


201 McLean Boulevard +» Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 
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EXCELLENT L.O. REJECTION 


much higher conversion losses. The best conversion loss is 
achieved at the 2 L.O. x 1 R.F. mixing condition. 


These models allow for lower frequency local oscillators to be 
used, therefore reducing costs. 


LO-RF ISOLATION 


PACKAGE 


LO-RF ISOLATION 


OUTLINE 


DRAWING PACKAGE 


CXP-237 
CXP-337 
CXP-437 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


ALAR wa gari® 

™= YT Bt. BU 

WS UU EEA EE 
MICROWAVE CORPORATION 


PD STARVED L.O. MIXERS 
~~) DOUBLE-BALANCED 


LO=+41 dBm ULTRA-LOW POWER CONSUMPTION 


SURFACE MOUNT ww ‘ 134 © 1348 * 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND MB UB LB MB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


5-500 DC-500 65/40 SRD-KA 
5-500 DC-500 O/T. : 65/40 SRL-KA 
5-500 DC-500 : 65/40 SRZ-KA 
5-500 DC-500 65/40 SRD-CA 


800-1000 DC-200 --/-- SRD-KB* 
800-1000 DC-200 --/-- SRL-KB* 
800-1000 DC-200 --/-- SRZ-KB* 
800-1000 DC-200 --|-- SRD-CB* 


1500-2500 DC-1000 15/10 SRD-KD** 
1500-2500 DC-1000 15/10 SRL-KD** 
1500-2500 DC-1000 15/10 SRZ-KD** 
1500-2500 DC-1000 15/10 SRD-CD* 


THrRouGH HOLE incite 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


106 “ 


0.5-500 DC-500 6.5/7.5 718.5 70/45 50/25 65/40 50/30 40/20 105 CRP-301 
800-1000 DC-200 --/-- 7/8.5 --/-- --/-- --/-- 30/20 --/-- 106 CRP-334* 
1500-2500 DC-1000 6/8.5 7.5/10 27/20 27/20 15/10 = --/-- 13/8 106 CRP-337** 


XMB = 2LF to HF/2 
FULL BAND = LF to HF 
LB =LF to 10LF 


MB =10LF to HF/2 
UB= HF/2 to HF 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 
NOTES: 


1. 1dB Compression Point = -4 dBm (Min) 

2. IP3 (Input) = +7 dBm (Typ) 

* MB = 800-1000 MHz 

** XMB=1700-2100 MHz; LB = 1500-2000 MHz; UB = 2000-2500 MHz 


MALIDil Fa earusl® 
= BPE. UY 
WL TUE EB 
201 McLean Boulevard * Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 M\CROW AVE CORPORATION 


E-Mail: sales@synergymwave.com * World Wide Web: http://www.synergymwave.com 


58 


ee MIXERS 
yy) DOUBLE-BALANCED 


FREQUENCY RANGE 
(MHz) 


1-500 
1-500 
1-500 


-5-500 
5-500 
5-500 


1-600 
1-1000 


.5-800 


10-1000 
10-1000 


1-1000 
1-1000 


5-500 
2-600 
50-1000 


0.15-400 
20-1500 


NOTES: 


DC-500 
DC-500 
DC-500 


DC-500 
DC-500 
DC-500 


DC-600 
DC-1000 


DC-800 


5-600 
5-600 


DC-1000 
DC-1000 


DC-500 


DC-600 
DC-1000 
DC-400 
DC-1000 


CONVERSION LO 1dB IP3 
LOSS (dB) 


DRIVE COMP. (INPUT) 


FULL 


BAND | (48m) 


(dBm) (dBm) 


TYP/IMAX TYP/MAX UM TYP 


6.5/8 
6.5/8 
7/8.5 


6.5/8.5 
6.5/8.5 
6.5/8.5 


6/8.5 
8/9.8 


6/8.5 


7/8 
7/8 


7/8.5 
7/8.5 


6.5/8.5 


7/8 

7.8/9 
5.5/8 
8.5/9 


ISOLATION L-R (dB) 
LB MB UB 


TYP/MIN TYP/MIN TYP/MIN 


SOURCE-LINE (LOW COST) 


ISOLATION L-I (dB) 


LB 


TYP/MIN 
45/35 
45/35 
45/35 


45/35 


MB UB 


TYP/MIN 

40/25 1 
40/25 1 
40/25 1 


40/25 


2 
45/35 40/25 3 
45/35 40/30 2 


45/35 30/20 
50/30 25/17 


60/40 40/30 


50/45 40/35 
50/45 40/35 


45/40 35/25 
45/40 35/25 


45/35 40/25 


60/45 47/30 
50/35 40/20 
60/40 47/25 
40/25 32/18 


HM Phase Detection, Polarity Positive 
** Non - Hermetic 


XMB = 2LF to HF/2 
FULL BAND = LF to HF 
LB =LF to 10LF 


MB =10LF to HF/2 
UB= HF/2 to HF 


* Pins must be connected together externally 
GND = Ground externally 
For pin location and package outline drawings, see back pages. 


ULAR we earl ® 
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Peas eee MIXERS 
Ey), DOUBLE-BALANCED 


LO=+7dBm LOW POWER CONSUMPTION 


SURFACE MOUNT 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN 


DC-500 ‘ : SLD-K1* 
DC-500 ; ; SMD-K1* 
DC-500 : : SMZ-K1* 


DC-750 : : SLD-K1W* 
DC-750 : : SMD-K1W* 
DC-750 : ‘ SMZ-K1W* 


DC-1000 : SLD-K2* 
DC-1000 : SMD-K2* 
DC-1000 : SMZ-K2* 


DC-1000 : SLD-K2D* 
DC-1000 ; SMD-K2D* 
DC-1000 : SMZ-K2D* 


DC-500 : SMZ-K2W* 


10-750 : : SLD-K2U* 
10-750 : : SMD-K2U* 
10-750 ‘ A SMZ-K2U* 


DC-1000 5/7. .5/9. SLD-K3* 
DC-1000 5/7. 0/9. SMD-K3* 
DC-1000 iol fe 5/9. SNZ -K3* 


NOTES: 


a Phase Detection, Polarity Positive 
1. 1dB Compression Point = +1 dBm (Typ) 
2 IP3 (Input) = +13 dBm (Typ) 


GND = Ground externally 
XMB= 2LF to HF/2 For pin location and package outline drawings, see back pages. 
FULL BAND = LF to HF 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 


PALER wa gars® 
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sis MIXERS 
Sys DOUBLE-BALANCED 


LO=+7dBm LOW POWER CONSUMPTION 
%y y 
1068 4" 133 159 “er 


SURFACE MOUNT 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN  TYP/MIN TYP/MIN 


5-1900 5-1000 .2/8, 8.5/9.8 SLD-K11X* 
5-1900 5-1000 2/8. 8.5/9.8 SMD-K11X* 
5-1900 5-1000 .2/8. 8.5/9.8 SMZ-K11X* 


1500-1900 40-400 7.8/9 SLD-K11A* 
1500-1900 40-400 7.8/9 SMD-K11A* 
1500-1900 40-400 7.8/9 SMZ-K11A* 


5-2500 3-600 ; 10.5/12 SLD-K4 
5-2500 3-600 d 10.5/12 SMD-K4 
5-2500 3-600 : 10.5/12 SMZ-K4 
200-3000 DC-1000 ; 9/9.8 SLD-K6* 
200-3000 DC-1000 ; 9/9.8 SMD-K6* 
200-3000 DC-1000 ; 9/9.8 SMZ-K6* 


DC-1000 5/7. 7.5/9.5 SMD-C1 
6.5/8 SMD-C1X 
8.5/9 SMD-C2 
9/10.5 SMD-C3 
8/10.5 SMD-C4¢ 


SSM-1 
SSM-2 
, é SM-5 
DC-1000 ; SM-5E 


DC-600 ‘ TOP-1Z 
DC-1000 : TOP-2Z 
DC-1000 : ; TOP-5Z 


NOTES: 

1. 1dB Compression Point = +1 dBm (Typ) 

2. 1P3 (Input) = +13 dBm (Typ) 

a Phase Detection, Polarity Positive 236 
¢ Specifications apply when RF > LO pes 


All Other 


XMB= 2LF to HF/2 
FULL BAND = LF to HF GND = Ground externally 
LB= LF to 10LF ** Connect pins 3,4 together externally 


MB = 10LF to HF/2 For pin location and package outline drawings, see back pages. 
UB= HF/2 to HF 


Pa UN LG 
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Pema eit Sheers MIXERS 
Ey) DOUBLE-BALANCED 


LO=+7 dBm LOW POWER CONSUMPTION 


FLAT-PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) IN 


Pp 
FULL Package | out 
BAND LB MB UB LB MB UB 
TYPIMAX TYP/MIN TYP/MIN  TYP/MIN | TYP/MIN  TYP/MIN  TYP/MIN 


0.01-125 DC-125 , P CLF-102 
0.025-200 DC-200 : CLF-112 
0.04-400 DC-400 ; CLF-1R3 
0.1-500 DC-500 CLF-101 

0.5-1000 DC-1000 : : CLF-103 


10-1500 DC-1500 CLF-1A5 
20-1500 DC-1000 5/8. CLF-111 
10-2000 5-600 j : CLF-109 
700-2000 DC-300 CLF-1F6 
800-2500 DC-400 5/8. CLF-104 


NOTES: 


1. _1dB Compression Point = +1 dBm (Typ) 
2. IP3 (Input) = +13 dBm (Typ) All Other 


XMB= 2LF to HF/2 GND = Ground externally 
FULL BAND = LF to HF For pin location and package outline drawings, see back pages. 
LB= LF to 10LF 


MB = 10LF to HF/2 
UB= HF/2 to HF 


ALAR Fa Gark® 
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| MIXERS 
yy) DOUBLE-BALANCED 


LO=+7 dBm LOW POWER CONSUMPTION 


THROUGH HOLE (RELAY) 19. *4*" 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
FULL 


BAND LB MB UB LB MB UB 
TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN  TYP/MIN 


- 0,0005-10 DC-10 

— 0.003-100 DC-100 
0.01-125 DC-125 
0.025-200 DC-200 

_ 0.025-200 DC-200 


CLP-2D1 
CLP-2C1 
CLP-202 
CLP-212 
CLP-2C2 


NNN | | 


0.025-200 DC-200 
0.1-500 DC-500 
0.5-1000 DC-1000 
1-750 DC-750 
1-1000 0.5-500 


CLP-2B2** 
CLP-201 
CLP-203 
CLP-2D4 
CLP-2F4 


WOWN = 


| 61000  DC-1000 
10-1000  DC-500 
5-1250 _—0.5-500 
5-1500 10-600 
20-1500 _DC-1000 


CLP-2G4 
CLP-2C4** 
CLP-2D5 
CLP-2E5 
CLP-211 


ODAOwW 


5-2000 10-600 
10-2000 

100-2000 

800-2500 DC-400 


CLP-2A6 
CLP-209 
CLP-2C6 
CLP-204 


ann ®D 


NOTES: 


: " GND CASE GND NOCONN 
1. _1dB Compression Point = +1 dBm (Typ) 


2. IP3 (Input) = +13 dBm (Typ) 
Non-hermetic 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 
MB = 10LF to HF/2 GND = Ground externally 
UB= HF/2 to HF * Connect pins 3,4 together externally 
For pin location and package outline drawings, see back pages. 
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ae ee MIXERS 
Ey) DOUBLE-BALANCED 


LOW POWER CONSUMPTION 
LO=+7dBm 


THROUGH HOLE (MINI-RELAY) 105°” 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/IMAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.01-125 DC-125 : : CLP-302 
0.025-200 DC-200 é CLP-312 
0.04-400 DC-400 . CLP-3P3 
0.1-500 DC-500 CLP-301 
0.5-1000 DC-1000 : : CLP-303 


106 108 ! 


5-1250 DC-1250 : 7.5/8.5 CLP-3M5 
5-1500 DC-1000 0/8. 8/9.5 CLP-3L5 
20-1500 DC-1000 9/8. 8/9 CLP-311 
1-2000 5-600 : 7.5/9 CLP-3D6 
10-2000 5-600 : CLP-309 


800-2500 DC-400 5/8. CLP-304 
1000-3500 DC-1000 0/9, CLP-307 
0.01-125 DC-125 : ‘ CLP-402 
0.025-200 DC-200 : CLP-412 
0.1-500 DC-500 : 0/8. CLP-4A3 


0.1-500 DC-500 CLP-401 

1-600 DC-600 : 5/8. CLP-4N4 
1-600 DC-600 : 0/8. CLP-4A4 
0.5-1000 DC-1000 : : CLP-403 
1-1000 DC-1000 : : CLP-4B4 


1-1000 DC-1000 : CLP-4Q4 
5-1250 0.5-1000 0/8. 5/8. CLP-4B5 
5-1500 0.5-1000 O/T. 5/8. CLP-4C5 
20-1500 DC-1000 5/8. CLP-411 


NOTES: 


1. _1dB Compression Point = +1 dBm (Typ) 
2. IP3 (Input) = +13 dBm (Typ) 


*3,4 2,5,6,7 
*3,4 2,5,6,7 
1 2,5,6,7 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 


LB= LF to 10LF 
MB = ie to HF/2 * Pins must be connected together externally 


UB= HF/2 to HF GND = Ground externally ; 
For pin location and package outline drawings, see back pages. 
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ee MIXERS 
SG DOUBLE-BALANCED 


LO=+7 dBm 


PLUG-IN (TO-CAN) 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 
FULL 


LO-RF ISOLATION 
(dB) 


UB 
TYP/MIN 


MB 
TYP/MIN 


LB 


COAXIAL 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 


LO-RF ISOLATION 
(dB) 


MB 
TYP/MIN 


0.01-125 
0.025-200 
0.1-500 
0.5-1000 
20-1500 


10-2000 
800-2500 
800-4200 


NOTES: 1. 1dB Compression Point = +1 dBm (Typ) 
2. IP3 (Input) = +13 dBm (Typ) 
PIN-OUT TABLE 


GND CASE GND 


All Others All Others 
4 


5 
1 


GND = Ground extemally 
For pin location and package outline drawings, see back pages. 


201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 


LO-IF ISOLATION 
(4B) 


MB 
TYP/MIN 


0.01-125 DC-125 5.5/6 6/6.5 60/50 50/40 40/35 60/45 50/35 40/30 104 1 CLP-502 
0.025-200 DC-200 5.5/6 6/7 65/55 55/45 45/35 60/50 45/35 35/30 104 1 CLP-512 
0.1-500 DC-500 6/7 7/8 65/40 60/40 50/30 45/30 50/35 35/20 104 1 CLP-501 
0.5-1000 DC-1000 5.5/7 7/8.5 70/40 45/35 40/25 60/40 40/30 30/20 104 1 CLP-503 
800-2500 DC-400 —|— 6.6/8.5 30/20 30/20 30/20 20/10 20/10 20/10 104 1 CLP-504 


0.025-200 DC-200 5.5/6 6/7 65/55 55/45 45/35 60/50 45/35 35/30 te 2 CLP-612 
0.5-1000 DC-1000 5.5/7 7/8.5 70/40 45/35 40/25 60/40 40/30 30/20 122 2 CLP-603 
20-1500 DC-1000 7.5/8.5 8/9 60/35 40/25 25/20 50/30 40/25 20/12 122 2 CLP-611 
10-2000 5-600 718.5 7.5/9 60/35 40/25 40/20 50/30 30/20 25/15 122 2 CLP-609 
800-2500 DC-400 —/— 6.5/8.5 30/20 30/20 30/20 20/10 20/10 20/10 122 2 CLP-604 


0.2-200 DC-200 5.5/6 5.5/6 45/35 40/30 35/25 45/35 40/30 35/25 2% 3 CLP-8T3 
5-500 DC-500 5.7/6.5 6.5/7 40/35 40/30 35/25 35/30 35/30 30/25 127 3 CLP-8S3 
1-1000 -DC-1000 6.5/7.5 7/8.5 50/40 40/25 30/20 45/40 4 CLP-8A4 


LOW POWER CONSUMPTION 


UB 
TYP/MIN 


LO-IF ISOLATION 
(dB) 


TYP/MIN 


CLK-702* 
CLK-712* 
CLK-701* 
CLK-703* 
CLK-711S 


CLK-709S 
CLK-704S 
CLK-215S 


* Connector style: "B" = BNC, "T" = TNC, 
N" = Type N, "S" = SMA 


XMBz= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


MB = 10LF to HF/2 
UB= HF/2 to HF 
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ea See MIXERS 
Es DOUBLE-BALANCED 


LO=+10 dBm IMPROVED DYNAMIC RANGE 


1348 oe.) 


SURFACE MOUNT 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL PACKAGE 


BAND LB MB UB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN- TYP/MIN  TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


05-500 DC-500 : 6/8 40/25 SLD-K1L* 
05-500 DC-500 ; 6/8 40/25 SMD-K1L* 
0.5-500 DC-500 : 6/8 40/25 SMZ-K1L* 


5 - 1000 DC-1000 6. 7/9.5 30/17 SLD-K2L* 
5 - 1000 DC-1000 6. 7/9.5 30/17 SMD-K2L* 
5 - 1000 DC-1000 6. 719.5 30/17 SMZ-K2L* 


DC - 900 : 7.6/9.8 38/14 SLD-K3L* 
DC - 900 : 7.6/9.8 38/14 SMD-K3L* 
DC - 900 : 7.6/9.8 38/14 SMZ -K3L* 


3 - 600 é 10.5/12 30/20 SLD-K4L 
3 - 600 i 10.5/12 30/20 SMD-K4L 
3 - 600 : 10.5/12 30/20 SMZ-K4L 


DC-600 : 7/8 47/30 TOP-1LZ 
DC-1000 7.8/9 40/20 TOP-2LZ 
20-1500 DC-1000 : 8.5/9 32/18 TOP-5LZ 


NOTES: 


* : : ae GND CASE GND 
Phase Detection, Polarity Positive 


1. 1dB Compression Point = +5 dBm (Typ) 
2. IP3 (input) = +18 dBm (Typ) 


XMBz= 2LF to HF/2 GND = Ground externally 
FULL BAND = LF to HF For pin location and package outline drawings, see back pages. 


LB= LF to 10LF 


MB = 10LF to HF/2 
UB= HF/2 to HF 
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ee MIXERS 
SE DOUBLE-BALANCED 


LO =+13 dBm HIGH DYNAMIC RANGE 


SURFACE MouNT 1068 a aan 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


FULL 
BAND MB LB MB UB 
TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


6.0/8.5 30/25 SLD-K1RM* 
6.0/8.5 30/25 SMD-K1RM* 
6.0/8.5 30/25 SMZ-K1RM* 


7/9 : : 30/20 SLD-K2RM"* 
7/9 | ago | 30/20 SMD-K2RM"* 
7/9 40. Le 30/20 SMZ-K2RM* 


7.5/9.5 44/25 SLD-K2URM* 
7.5/9.5 44/25 SMD-K2URM* 
7.5/9.5 44/25 SMZ-K2URM* 


7519.5 30/18 SLD-K3RM* 
7.5/9.5 30/18 SMD-K3RM* 
7.5/9.5 30/18 SMZ -K3RM* 


10.5/12 30/20 SLD-K4RM 
10.5/12 30/20 SMD-K4RM 
10.5/12 30/20 SMZ-K4RM 


7/8 } ) 47/30 TOP-1RMZ 
7.8/9 40/20 TOP-2RMZ 
8.5/9 : ! 28/18 TOP-5RMZ 


NOTES: PIN-OUT TABLE 


CASE GND 
#1 
#2 


XMB= 2LF to HF/2 GND = Ground externally 
FULL BAND = LF to HF For pin location and package outline drawings, see back pages. 


* Phase Detection, Polarity Positive 
4. 1dB Compression Point = +7 dBm (Typ) 
2. \P3 (Input) = +20 dBm (Typ) 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 
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eae See MIXERS 
~) DOUBLE-BALANCED 


LO =+13 dBm HIGH DYNAMIC RANGE 


106 


THROUGH HOLE (RELAY) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB UB LB MB UB 
TYP/IMAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


DC-500 6.5/8.5 _ CMP-2D3 
DC-500 6.5/8.5 CMP-2C3* — 
DC-600 7.5/9 CMP-256 


DC-200 6/8.5 CMP-3H2 
DC-500 718.5 CMP-3H3 


FLAT-PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) OUTLINE 


XMB FULL DRAWING | OUT 
BAND LB MB UB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.5-500 DC-500 6/7 45/40 45/40 40/30 45/40 40/35 35/25 101 5 CMF-1A3 


MODEL 


COAXIAL 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB UB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


0.5- 2000 0.2 - 600 5.8/8 7.2/9.5 60/45 35/30 30/25 55/40 30/25 25/20 110 a CMK-7A6S 


PIN-OUT TABLE 


NOTES: 
RF LO IF GND CASE GND 
1. 1dB Compression Point = +7 dBm (Typ) *3,4 2,5,6,7 2 
2. IP3 (Input) = +18 dBm (Typ) *3,4 2,5,6,7 -- 
* Non-Hermetic 25,050 2,5,6,7 


3 3 
All Other All Other 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 
MB = 10LF to HF/2 GND = Ground externally 
UB= HF/2 to HF For pin location and package outline drawings, see back pages. 


MALAI Wa garl® 
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me MIXERS 
SE DOUBLE-BALANCED 


LO=+17 dBm VERY HIGH DYNAMIC RANGE 


Pra 
SURFACE MOUNT soe Pe 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN TYP/MIN 


0.5-500 DC-500 j 6.4/8.5 55/44 37/22 SLD-K1M* 
0.5-500 DC-500 6.4/8.5 55/44 37/22 SMD-K1M* 
0.5-500 DC-500 6.4/8.5 55/44 | Sti22 SMZ-K1M* 


1-1000 DC-1000 7.5/9.5 70/45 30/15 SMD-C1M 
2-600 DC-600 7/8 60/50 36/22 TOP-1MZ 


5-1000 DC-900 7.8/9.3 55/40 39/22 SLD-K2M* 
5-1000 DC-900 7.8/9.3 55/40 39/22 SMD-K2M* 
5-1000 DC-900 7.8/9.3 55/40 39/22 SMZ-K2M* 


5-1500 I 7.5/9.8 65/40 17/7 SLD-K3M* 
5-1500 7.5/9.8 65/40 17/7 SMD-K3M* 
5-1500 7.5/9.8 65/40 17/7 SMZ-K3M* 


5-2500 10.5/12 60/35 25/15 SLD-K4M 
§-2500 ‘ 10.5/12 60/35 25/15 SMD-K4M 
§-2500 10.5/12 60/35 25/15 SMZ-K4M 


10-1000 7/9.5 50/40 34/22 SLD-K2UM* 
10-1000 7/9.5 50/40 34/22 SMD-K2UM* 
10-1000 7/9.5 50/40 34/22 SMZ-K2UM* 


20-1500 8.5/9 54/40 20/8 TOP-5MZ 
20-1500 8.5/9 50/35 15168 SMD-C2M 
20-2500 9/10.5 45/30 25/12 SMD-C3M 
50-1000 DC-1000 7.8/9 58/45 28/18 TOP-2MZ 


NOTES: PIN-OUT TABLE 


RF LO IF GND CASE GND 


#1 4 1 5 2, 3,6 - 
#2 1 4 2 3 3 


XMB= 2LF to HF/2 GND = Ground externally 
FULL BAND = LF to HF For pin location and package outline drawings, see back pages. 


* Phase Detection, Positive Polarity 
4. 1dB Compression Point = +10 dBm (Typ) 
2. IP3 (Input) = +22 dBm (Typ) 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 


eA wa aarl® 
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See ee MIXERS 
SS DOUBLE-BALANCED 


LO=+17 dBm 


THROUGH-HOLE (RELAY) 


FREQUENCY RANGE 
(MHz) 


0.01-125 DC-125 
0.025-200 DC-200 
0.1-500 DC-500 
1-750 DC-750 
0.5-1000 DC-1000 


20-1500 DC-1000 
10-2000 5-600 


FREQUENCY RANGE 
(MHz) 


0.01-125 DC-125 
0.025-200 DC-200 
0.1-500 DC-500 
0.5-1000 DC-1000 
20-1500 DC-1000 


10-2000 5-600 
0.01-125 DC-125 
0.025-200 DC-200 
0.1-500 DC-500 
0.5-1000 DC-1000 
20-1500 DC-1000 


NOTES: 


CONVERSION 
LOSS (dB) 


XMB FULL 
BAND 
TYP/IMAX TYP/MAX 


CONVERSION 
LOSS (dB) 


XMB FULL 
BAND 
TYP/MAX  TYP/MAX 


1. 1dB Compression Point = +10 dBm (Typ) 


2. IP3 (Input) = +22 dBm (Typ) 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


MB = 10LF to HF/2 
UB= HF/2 to HF 


VERY HIGH DYNAMIC RANGE 


LO-RF ISOLATION LO-IF ISOLATION 
(dB) (dB) 


LB MB UB MB 
TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


CMP-202 
CMP-212 
CMP-201 
CMP-2E4 
CMP-203 


CMP-211 
CMP-209 


LO-RF ISOLATION LO-IF ISOLATION 
(dB) (4B) 


LB MB MB 
TYP/MIN TYP/MIN TYP/MIN 


CMP-302 
CMP-312 
CMP-301 
CMP-303 
CMP-311 


CMP-309 
CMP-402 
CMP-412 
CMP-401 
CMP-403 
CMP-411 


*3,4 2,5,6,7 2,5,6,7 
2,5,6,7 2,5,6,7 


GND = Ground externally 
* Pins must be tied together externally 
For pin location and package outline drawings, see back pages. 
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a ae MIXERS 
Ss DOUBLE-BALANCED 


LO=+17dBm VERY HIGH DYNAMIC RANGE 


‘ 


105 


FREQUENCY RANGE LO-RF ISOLATION LO-IF ISOLATION 
(MHz) (dB) (4B) 


MB LB MB UB 
TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.05-300 DC-300 : 50/40 CMP-2P2 
DC-500 : 30/23 CMP-221 
DC-500 : : 45/35 CMP-2Q3 
DC-750 2/7. 45/35 CMP-2R4 


DC-250 ; 45/40 CMP-3G2 
DC-500 : ; 45/40 CMP-3G3 
DC-1000 : 45/40 CMP-3M4 
50/40 CMP-3J5 


THROUGH-HOLE (TO CAN) 104 | =: 122 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION . LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (4B) 


XMB FULL 
BAND LB MB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.01-125 DC-125 CMP-502 
0.025-200 DC-200 CMP-512 
0,1-500 DC-500 CMP-501 
0.5-1000 DC-1000 . CMP-503 


0.025-200 DC-200 CMP-612 
0.5-1000 DC-1000 CMP-603 
20-1500 DC-1000 CMP-611 
10-2000 5-600 CMP-609 
800-2500 DC-400 CMP-604 


NOTES: 


4. 1dB Compression Point = +14 dBm (Typ) 


2. IP3 (Input) = +26 dBm (Typ) 2,5,6,7 2 


XMB= 2LF to HF/2 2,5,6,7 2,5,6,7 


FULL BAND = LF to HF 
LB= LF to 10LF 


20,010 2, 5\0;7. 
3} 3 
Allother All other 


MB = 10LF to HF/2 yi 4 


UB= HF/2 to HF 


* Pins must be tied together 
GND = Ground externally 
For pin location and package outline drawings, see back pages. 
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ep afee eee eee MIXERS 
Ess DOUBLE-BALANCED 


LO=+17 dBm VERY HIGH DYNAMIC RANGE 


FYLAT-PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB MB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN 


0.01-125 DC-125 : CMF-102 
0.025-200 DC-200 : CMF-112 
0.1-500 DC-500 CMF-101 
0.5-1000 DC-1000 : CMF-103 
20-1500 DC-1000 9/8. CMF-111 


10-2000 5-600 : CMF-109 
800-2500 DC-400 1 CMF-104 


COAXIAL 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) or 


XMB FULL PACKAGE | out 
BAND LB MB UB LB MB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN  TYP/MIN | TYP/MIN  TYP/MIN 


0.01-125 DC-125 : : 60/50 CMK-702* 
0.025-200 DC-200 : 65/55 CMK-712* 
0.1-500 DC-500 65/40 CMK-701* 
0.5-1000 DC-1000 : ‘ 70/40 CMK-703* 
20-1500 DC-1000 .5/8. 60/35 CMK-711S 


10-2000 5-600 ; : 60/35 CMK-709S 
800-2500 DC-400 5/8. 30/20 CMK-704S 
800-4200 DC-1000 25/13 CMK-215S 
0.05-300 DC-300 fk 55/45 CMK-7N2* @ 
5-1000 DC-1000 : 50/40 CMK-7Q4* & 


5-1200 DC-1200 ; 50/40 CMK-7L5S @ 


NOTES: f ; * Connector style: "B" = BNC, "T" = TNC, 
1) 1dB Compression Point = +10 dBm (Typ) Be N. "St = 

2) IP3 (Input) = +22 dBm (Typ) N= Type N, *S"=SMA 
@ 1dB Compression Point = +14dBm (Typ) PIN-OUT TABLE 


@ = |P3 (Input) = +26 dBm (Typ) 


RF LO IF GND CASE GND 
4 


5 2330, 7 Ga o.0. 7.0 
2 * = 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 


LB= LF to 10LF 
MB = 10LF to HF/2 GND = Ground externally 


UB= HF/2 to HF For pin location and package outline drawings, see back pages. 
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fe 


me MIXERS 
Se DOUBLE-BALANCED 


LO=+4+23 dBm Super-High Dynamic Range 


tty 


134S & f 


LB MB UB MB UB 
TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN 


SURFACE MOUNT 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


SLD-K1H* 
SMD-K1H* 
SMZ-K1H* 
SMD-C1H 

SLD-K2H* 


SMD-K2H* 
SMZ-K2H* 
SLD-K3H* 
SMD-K3H* 
SNZ -K3H* 


10.5/12 SLD-K4H 
10.5/12 SMD-K4H 
10.5/12 SMZ-K4H 
8.5/9.0 SMD-C2H 
9.0/10.5 SMD-C3H 


FLAT PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


MB UB MB 
TYP/MIN TYP/MIN TYP/MIN 


0.01-125 DC-125 : : CHF-102 
0.025-200 DC- 200 : CHF-112 
0.1-500 DC-500 CHF-101 
0.5-1000 DC- 1000 : é CHF-103 
10 - 2000 5 - 600 : : CHF-109 


20-1500 DC-1000 7.5/8.5 8/9 CHF-111 
800-2500 DC - 400 .-/- 6.5/8.5 CHF-104 


NOTES: 

* Phase Detection, Polarity Positive GND CASE GND 
4. 1dB Compression Point = +15 dBm (Typ) 

2. IP3 (Input) = +26 dBm (Typ) 2 3.6 a 


2,3,6,7,8  2,3,6,7,8 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


MB = 10LF to HF/2 
UB= HF/2 to HF 
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ea ae i MIXERS 
EE DOUBLE-BALANCED 


LO=+23 dBm Super-High Dynamic Range 


THROUGH HOLE (RELAY) 102 Wht 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB UB LB MB UB 
TYP/IMAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN  TYP/MIN  TYP/MIN 


0.01-125 DC-125 5.5/6 6/6.5 CHP-202 
0.025-200 DC-200 5.5/6 6/7 CHP-212 

0.1-500 DC-500 6/7 7/8 CHP-201 
0.5-1000 DC-1000 5.5/7 7/8.5 CHP-203 
20-1500 DC-1000 7.5/8.5 8/9 CHP-211 


PACKAGE 


10-2000 5-600 7/8.5 7.5/9 CHP-209 
800-2500 DC-400 --/-- 6.5/8.5 CHP-204 


THROUGH HOLE (MINI-RELAY) 9,” ‘oa a 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB UB LB MB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


0.01-125 DC-125 5.5/6 6/6.5 CHP-302 
0.025-200 DC-200 j 6/7 CHP-312 
0.1-500 DC-500 7/8 CHP-301 
0.5-1000 DC-1000 : 7/8.5 CHP-303 
20-1500 DC-1000 50/8. 8/9 CHP-311 


107 108 


PACKAGE 


10-2000 5-600 : 7.9/9 CHP-309 
0.01-125 DC-125 : : CHP-402 
0.025-200 DC-200 : CHP-412 

0.1-500 DC-500 CHP-401 
0.5-1000 DC-1000 : CHP-403 


20-1500 DC-1000 5/8. CHP-411 


NOTES: 
1. 1dB Compression Point = +17 dBm (Typ) 


2. IP3 (Input) = +26 dBm (Typ) GND CASEGND NOCONN. 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 


LB= LF to 10LF 


MB = 10LF to HF/2 ‘ GND = Ground externally 
UB= HF/2 to HF For pin location and package outline drawings, see back pages. 
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ys CMIXERS 
SE DOUBLE-BALANCED 


LO=+23 dBm Super-High Dynamic Range 


THROUGH HOLE (TO-CAN) 104 | : | | | 


122 
FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) on 
XMB FULL Soa OUT MODEL 
BAND LB MB UB LB MB 
TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


0.01-125 DC-125 5.5/6 6/6.5 1 CHP-502 
0.025-200 DC-200 : 6/7 1 CHP-512 
0.1-500 DC-500 7/8 1 CHP-501 
0.5-1000 DC-1000 : 7/8.5 1 CHP-503 


5-200 —- DC-200 6/7 |) CcHPei2 
05-1000 DC-1000 7/8.5 | | | cHpeo; 
20-1500 DC-1000 7.5/85 819 | : [CHP eit 
40-2000 ~=—- 55-600. 7/8.5 759 | ‘CHP-609 
800-2500  DC-400 ie 7 66/85 CHP-604 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 
BAND LB MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 

0.01-125 DC-125 5.5/6 6/6.5 CHK-702* 

0.025-200 DC-200 : CHK-712* 

0.1-500 DC-500 CHK-701* 

0.5-1000 DC-1000 ; CHK-703* 

20-1500 DC-1000 CHK-711S 

10-2000 5-600 7/8.5 7.5/9 CHK-709S 

800-2500 DC-400 --/-- 6.5/8.5 CHK-704S 

800-4200 DC-1000 --/-- 6/10 CHK-215S 
NOTES: —? * Connector style: "B" = BNC, "T" = TNC, 
4. 1dB Compression Point = +17 dBm (Typ) "N" = Type N, "S" = SMA 


2. IP3 (Input) = +26 dBm (Typ) 
3. As IF frequency decrease below LF towards DC, conversion loss increases 
up to 8 dB higher than maximum. PIN-OUT TABLE 
GND CASE GND 
XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


All Others All Others 


a 4 


MB = 10LF to HF/2 
UB= HF/2 to HF 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 
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Rens Se? Soe ee ee MIXERS 
Ps TRIPLE-BALANCED 


LO =+10 dBm IMPROVED DYNAMIC RANGE 


SURFACE MOUNT 133 159 
FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN' TYP/MIN  TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


5-1000 5- 1000 6.5/8 7.5/9.5 SLD-K5 
25-1800 25-1000 7.5/8.5 8/9 SMD-C5 
750-2500 50 - 880 7/8.5 8/9.2 SMD-C7* 
800 - 3550¢ 800 - 2500 --/-- 10/11.8 SMD-C9** 


¢ LO Frequency is specified from 600 to 2595 MHz 
** UB identifies the full bandwidth specification 
*XMB = 750 - 1000 MHz 

*LB = 750 - 1200 MHz 

*UB = 1200 - 2500 MHz 


105 "4 


THROUGH HOLE (RELAY) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


0.05-200 0.05 - 200 5.5/6.5 6.5/7 35/25 CLP-206 
10 - 1000 5 - 500 A 40/25 CLP-2P4 
0.05 - 1500 0.05 - 500 é 25/20 CLP-2H5 
0.05 - 2000 0.05 - 500 25/20 CLP-2B6 
10-2500 10-1000 0/8. 35/20 CLP-205 
500 - 3700 500 - 1000 9.5/11.5 40/20 CLP-210 


10-2000 10-1000 6.5/8 33/20 CLP-3E6 
10-2500 10-1000 7.5/8.5 35/20 CLP-305 
10-3000 10-800 ; 6.5/8.5 30/20 _ CLP-3B8 
500 - 3700 500 - 1000 9.5/11.5 40/20 CLP-310 


NOTES: 


1. 1dB Compression Point = +5 dBm (Typ) 

2. _IP3 (Input) = +18 dBm (Typ) 

3. As IF frequency decrease below LF towards DC, conversion loss increases 
up to 8 dB higher than maximum. 


ALL MODELS MODEL SMD-C7 


XMB= 2LF to HF/2 XMB = 750 - 1000 MHz 
FULL BAND = LF to HF LB = 750 - 1200 MHz 


GND CASEGND NOCONN. 


LB= LF to 10LF UB =1200 - 2500 MHz 
MB = 10LF to HF/2 GND = Ground externally 


UB=HF/2 to HF For pin location and package outline drawings, see back pages. 
Connect pins together externally. 
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mes C~—~—:C MAX'S 
Ss TRIPLE-BALANCED 


LO=+10 dBm IMPROVED DYNAMIC RANGE 


THROUGH HOLE (TO -CAN) 


FREQUENCY RANGE 


CONVERSION LO-RF ISOLATION LO-IF ISOLATION 


(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 
BAND LB MB UB LB MB UB 
TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


0.5-200 0.5-200 6.5/7 50/45 45/40 35/25 40/35 35/30 123 1 CLP-506 
10-2500 10-1000 7/8 7.5/8.5 55/35 45/30 35/25 35/20 30/20 27/20 104 1 CLP-505 
10-2500 10-1000 7/8 7.5/8.5 55/35 45/30 35/25 35/20 30/20 27/20 122 2 CLP-605 
500-3700 500-1000 -/-- 9.5/11.5 45/25 45/25 40/20 40/20 122 2 CLP-610 


FLAT PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/IMAX  TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


10-1500 DC - 1500 6/7 35/30 25/20 20/12 CLF-1B5 
10-2500 10-1000 7/8 5/8. 45/30 35/25 27/20 CLF-105 
500 - 3700 500 - 1000 --/-- 9.5/11.5 45/25 45/25 40/20 CLF-110 


COAXIAL 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (4B) (dB) OUTLINE | PIN 
XMB FULL DRAWING | OUT MODEL 
BAND MB UB LB MB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN | TYP/MIN TYP/MIN 


0.05-200 0.05-200 5.5/6.5 6.5/7 CLK-706* 
10-2000 10-1000 6/8 6.5/8.5 CLK-7A6S 8 

10-2500 10-1000 7/8 7.5/8.5 CLK-705S 
10-3000 10-800 6.3/8 6.5/8.5 CLK-7B8S 

500 - 3700 500 - 1000 -/l- 9.5/11.5 CLK-710S 


NOTES: 4. 1dB Compression Point = +5 dBm (Typ) ST onnnacior style: "B" = BNC, "T" = TNC, "N" = Type N, "S"= SMA 
2. |P3 (Input) = +18 dBm (Typ) 


3. As IF frequency decrease below LF towards DC, ™ Double Balanced Model (IP3 & 1dB comp. pt. 3 dB lower than specified.) 
conversion loss increases _up to 8 dB higher than maximum 


XMB= 2LF to HF/2 
PIN-OUT TABLE FULL BAND = LF to HF 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 


GND CASE GND NO CONN. 
All Others All Others 


4 4 
All Others All Others 


GND = Ground externally PULeRil wa garl® 


For pin location and package outline drawings, see back pages. ~S A Lh 4 
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ee eee MIXERS 
Ss TRIPLE-BALANCED 


LO =+13 dBm HIGH DYNAMIC RANGE 


THROUGH HOLE (RELAY) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/IMAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.5- 2000 0.2 - 600 5.8/8 7.2/9.5 60/45 35/30 30/25 55/40 30/25 25/20 105 CMP-3A6 
10 - 4200 10-1000 7.5/8.5 7.5/11 35/25 40/25 35/25 35/20 35/25 27/20 105 CMP-3A8 


THROUGH HOLE (TO-CAN) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND LB MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


5 - 2500 10 - 1000 6.4/8.5 719.5 33/25 35/25 25/20 33/20 30/25 27/20 104 CMP-6A7 


NOTES: PIN-OUT TABLE 
1. 1dB Compression Point = +10 dBm (Typ) GND CASE GND NO CONN. 
2. IP3 (Input) = +20 dBm (Typ) 
3. As IF frequency decrease below LF towards DC, conversion loss increases 3 
up to 8 dB higher than maximum. 3 


Ail Others 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


MB = 10LF to HF/2 
UB= HF/2 to HF 


PeN TIN AYA G 
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ae MIXERS 
TRIPLE-BALANCED 


LO=+17 dBm VERY HIGH DYNAMIC RANGE 


SURFACE MOUNT 133 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


5-1000 5- 1000 6.5/8 7.5/9.5 30/23 30/20 25/20 159 SLD-K5M 
25 - 1800 25 - 1000 7.5/8.5 8/9 35/20 35/15 23/15 133 SMD-C5M 
750-2500 50 - 880 7/8.5 8/9.2 40/30 38/28 25/20 133 SMD-C7M* 


*XMB = 750 - 1000 MHz 
*LB = 750 - 1200 MHz 
*UB = 1200 - 2500 MHz 


103 105 | 


THROUGH HOLE (RELAY) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB UB ‘LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


05-200 05200 55/65 6.5/7 CMP-206 
5-1200 1-200 6/7 718.5 CMP-231 
400500 10-1000 »=67/8 8675S  CMP-205 
40-2500 10-1000 7.0/8.0 7.5/8.5 CMP-305 
40-3000 10-1000 8/11 40/12 CMP-2A8 


500-3700 500-1000 --/-- 9.5/11.5 CMP-210 
500-3700 500-1000 --|-- 9.5/11.5 5 CMP-310 


NOTES: 

4. 1dB Compression Point = +14 dBm (Typ) 

2. IP3 (Input) = +26 dBm (Typ) 

3. As IF frequency decrease below LF towards DC, conversion loss increases 
up to 8 dB higher than maximum. 


XMB= 2LF to HF/2 
FULL BAND = LF to HF * Pins must be grounded together 
LB= LF to 10LF GND = Ground externally 
MB = 10LF to HF/2 For pin location and package outline drawings, see back pages. 


UB= HF/2 to HF 


raNV ANE LUG) 

pS A LA 
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Se ee ae MIXERS 
SE TRIPLE-BALANCED 


LO =+17dBm VERY HIGH DYNAMIC RANGE 


122 


THROUGH HOLE (TO-CAN) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


LB MB MB 
TYP/MIN TYP/MIN TYP/MIN 


0.05- 200 0.05 - 200 5/6. : 50/45 CMP-506 
10 - 2500 10-1000 9/8. 45/30 CMP-505 
10 -2500 10-1000 45/30 CMP-605 
500-3700 500-1000 9; 5/11. 5 45/25 CMP-610 


FLAT-PACK 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL PACKAGE 


BAND LB MB UB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


10-2500 10-1000 7/8 7.5/8.5 55/35 45/30 35/25 35/20 30/20 27/20 101 CMF-105 
500 - 3700 500 -1000 --/—- 9.5/11.5 45/25 45/25 45/25 40/20 40/20 40/20 101 CMF-110 


COAXIAL 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 
BAND LB MB UB LB MB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 
0.05 - 200 0.05 - 200 5.5/6.5 6.5/7 45/30 35/25 CMK-706* 
10-2500 10-1000 7/8 7.5/8.5 55/35 35/20 CMK-705S 
500-3700 500-1000 --/-- 9.5/11.5 45/25 40/20 CMK-710S 
NOTES: . Connector style: "B" = BNC, "T" = TNC, 
1. 1dB Compression Point = +14 dBm (Typ) N" = Type N, "S"= SMA 
2. IP3 (Input) = +26 dBm (Typ) 
3. As IF frequency decrease below LF towards DC, conversion loss increases PIN-OUT TABLE 


up to 8 dB higher than maximum. CASE GND 


| 
XMB= 2LF to HF/2 All Others All Others 


FULL BAND = LF to HF 
LB= LF to 10LF 


4 4 
2,3,6,7,8  2,3,6,7,8 


MB = 10LF to HF/2 


UB= HF/2 to HF GND = Ground externally 
For pin location and package outline drawings, see back pages. 


pty | 
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mC MIXERS 
SE TRIPLE-BALANCED 


LO=+23 dBm 


SURFACE MOUNT 


FREQUENCY RANGE 
(MHz) 


5-1000 5- 1000 
25 - 1800 25 - 1000 
750 - 2500 50 - 880 


6.5/8 
7.5/8.5 
7/8.5 


*XMB = 750 - 1000 MHz 
*LB = 750 - 1200 MHz 
*UB = 1200 - 2500 MHz 


FREQUENCY RANGE 
(MHz) 


0.05- 200 0.05 - 200 
0.1-500 0.5-500 
0.1- 1000 0.01 - 500 
10-2400 5- 1000 
10-2500 10-1000 


10 - 2500 
500 - 3700 500 - 1000 
500 - 3700 500 - 1000 


10 - 1000 


NOTES: 
1. 1dB Compression Point = +20 dBm (Typ) 
2. IP3 (Input) = +30 dBm (Typ) 


CONVERSION 


7.5/9.5 
8/9 
8/9.2 


THROUGH HOLE (RELAY) 


CONVERSION 


9.5/11.5 


LO-RF ISOLATION 
(dB) 


LB MB 
TYP/MIN TYP/MIN 


35/20 40/30 
50/30 45/25 
44/35 | 


LO-RF ISOLATION 
(dB) 


MB 
TYP/MIN 


3. As IF frequency decrease below LF towards DC, conversion loss increases 


up to 8 dB higher than maximum. 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 
LB= LF to 10LF 


MB = 10LF to HF/2 
UB= HF/2 to HF 


201 McLean Boulevard « Paterson, New Jersey 07504 « Tel: (973) 881-8800 « Fax: (973) 881-8361 
E-Mail: sales@synergymwave.com + World Wide Web: http:/www.synergymwave.com 


81 


30/23 
35/20 
40/30 


SUPER HIGH DYNAMIC RANGE 


ce... 


159 


LO-F ISOLATION 
(dB) 


LB MB UB 
TYP/MIN TYP/MIN  TYP/MIN 


30/20 30/20 25/20 
35/15 25/15 23/15 
38/28 = --/— 25/20 


SLD-K5H 
SMD-C5H 
SMD-C7H* 


LO-IF ISOLATION 
(dB) 


MB 
TYP/MIN 


CHP-206 
CHP-2B3 
CHP-2A4 
CHP-2B7 
CHP-205 


CHP-305 
CHP-210 
CHP-310 


GND CASE GND 


NO CONN. 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


GULsRil we aaul® 
@-=U BBE. 


\ 2 UE LUE EG 
MICROWAVE CORPORATION 


a VLXERS 


TRIPLE-BALANCED 


LO=+4+23 dBm SUPER HIGH DYNAMIC RANGE 


THROUGH HOLE (TO-CAN) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 


BAND MB LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN  TYP/MIN 


0.05-200 0.05-200 5.5/6.5 6.5/7 CHP-506 
10 -2500 10-1000 7/8 7.5/8.5 CHP-505 
10 - 2500 10-1000 7/8 7.5/8.5 CHP-605 
500-3700 500-1000 --/-- 9.5/11.5 CHP-610 


122 


FLAT-PACK 


FREQUENCY RANGE 


CONVERSION LO-RF ISOLATION LO-IF ISOLATION 


(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 
BAND LB MB UB LB MB UB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


10-2500 10-1000 7/8 7.5/8.5 55/35 45/30 35/25 35/20 30/20 27/20 101 CHF-105 
500 - 3700 500 -1000 --/-- 9.5/11.5 45/25 45/25 45/25 40/20 40/20 40/20 101 3 CHF-110 


COAXIAL 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 
XMB FULL 
BAND LB MB UB MB 
TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN 
0.05-200 0.05 - 200 5.5/6.5 6.5/7 40/35 35/30 CHK-706* 
0.1-500 0.01 -500 5.3/6 5.3/7.5 46/35 40/30 CHK-7M3* 
10-2500 10-1000 7/8 7.5/8.5 30/20 27/20 CHK-705S 
500-3700 500-1000 --/-- 9.5/11,5 40/20 40/20 CHK-710S 
NOTES: “Connector style: "B" = BNC, "T" = TNC, 
1. 1dB Compression Point = +20 dBm (Typ) "N" = Type N, "S"= SMA 
2. IP3 (Input) = +30 dBm (Typ) 
3. As IF frequency decrease below LF towards DC, conversion loss in- XMB= 2LF to HF/2 
creases up to 8 dB higher than maximum. FULL BAND = LF to HF 
PIN-OUT TABLE pte gle 


MB = 10LF to HF/2 


GND CASE GND NO CONN. UB= HF/2 to HF 


All Others All Others 
4 4 
2,3,6,7,8 2,3,6,7,8 


es PATIL LAG 
GND = Ground externally <a Temenans 
For pin location and package outline drawings, see back pages. “i — 
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a ——”:COMSXERRSS 
Ss TRIPLE-BALANCED 


LO=+27 dBm ULTRA HIGH DYNAMIC RANGE 


(Oley 


THROUGH HOLE (RELAY ) 


FREQUENCY RANGE CONVERSION LO-RF ISOLATION LO-IF ISOLATION 
(MHz) LOSS (dB) (dB) (dB) 


XMB FULL 
BAND LB MB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN TYP/MIN 


5.5/6.5 657) 

675 75185), 
’ a D 78 75s 
600-3700 500-1000 = -/- ~—9.5/11.5 
10-2500 10-1000 7/8 7.5/8.5 


500 - 3700 500 - 1000 —/— 


CVP-206 
CVP-2K3 
CVP-205 
CVP-210 
CVP-305 


CVP-310 


an 


9.5/11.5 


a 122 


LO-RF ISOLATION LO-IF ISOLATION 
(dB) (dB) 


THROUGH HOLE (TO-CAN) 


FREQUENCY RANGE CONVERSION 
(MHz) LOSS (dB) 


XMB FULL 
BAND MB MB UB 
TYP/IMAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN 


0.05-200 0.05-200 5.5/6.5 6.5/7 35/25 CVP-506 
10 -2500 10-1000 7/8 7.5/8.5 35/20 CVP-505 
10 -2500 10-1000 7/8 7.5/8.5 35/20 CVP-605 
500-3700 500 -1000 --/-- 9.5/11.5 40/20 CVP-610 


NOTES: 

4. 1dB Compression Point = +24 dBm (Typ) 

2. IP3 (Input) = +34 dBm (Typ) 

3. As IF frequency decrease below LF towards DC, conversion loss increases 


up to 8 dB higher than maximum. 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 


GND CASEGND NOCONN. 


2,5,6,7 2,5,6,7 


3 3 
allothers all others 
4 4 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


PaN UN OTe 
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@U BPR. 
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WICROWAVE CORPORATION 


Se eee eee MIXERS 
DE) TRIPLE-BALANCED 


LO=+27 dBm 


FLAT PACK 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 
XMB FULL 


BAND LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN TYP/MIN 


LO-RF ISOLATION 
(dB) 


10-2500 10-1000 
500 - 3700 500 -1000 


7/8 
Aye: 


7.5/8.5 
9.5/11.5 


55/35 
45/25 


45/30 
45/25 


35/25 
45/25 


COAXIAL 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 


XMB FULL 
BAND LB MB UB 
TYP/MAX  TYP/MAX TYP/MIN TYP/MIN  TYP/MIN 


5.5/6.5 6.5/7 45/30 
7/8 7.5/8.5 55/35 
--/-- 9.5/11.5 45/25 


LO-RF ISOLATION 
(dB) 


0.05- 200 0.05 - 200 
10-2500 10-1000 
500 - 3700 500 -1000 


NOTES: 

1. 1dB Compression Point = +24 dBm (Typ) 

2. IP3 (Input) = +34 dBm (Typ) 

3. As IF frequency decrease below LF towards DC, conversion loss increases 
up to 8 dB higher than maximum. 


XMB= 2LF to HF/2 
FULL BAND = LF to HF 


LB= LF to 10LF 
MB = 10LF to HF/2 
UB= HF/2 to HF 
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35/20 30/20 
40/20 40/20 


ULTRA HIGH DYNAMIC RANGE 


LO-IF ISOLATION 
(dB) 


LB MB UB 
TYP/MIN TYP/MIN 


TYP/MIN 


27/20 
40/20 


CVF-105 
CVF-110 


LO-IF ISOLATION 
(dB) 


MB 
TYP/MIN 
CVK-706* 
CVK-705S 
CVF-710S 


* Connector style: "B" = BNC, "T" = TNC, 
"N" = Type N, "S" = SMA 


PIN-OUT TABLE 
RF LO IF GND CASE GND 
#1 1 4 5 2,3,6,7,8  2,3,6,7,8 


#2 1 3 2 - - 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


\CROWAVE CORPORATION 


Sd 


es Se ee HIGH-IP3 
WS TRIPLE-BALANCED MIXERS 


LO=+17dBm 


SURFACE MOUNT 


FREQUENCY RANGE 
(MHz) 


CONVERSION 
LOSS (dB) 


ISOLATION 
(dB) 


1dB Comp. Pt. 
(dBm) 


LO/IF —IF/RF 


820-850 750-780 60-75 : 
865-898 700-730 165-168 9.0 30 ©=630 20 +12 
1845-1920 1705-1780 135-145 9.0 30. 6=. 30 20 +12 


1 SMHI-C2M 
1 SMHI-C1M 
1 SMHI-C3M 


GND = Ground externally 
For pin location and package outline drawings, see back pages. 


ema aps |, 7.7282, Miz_° +17dBm SMHI-C2M Lore 780 Witz @ 7 1745m SEiccenioto tice 
= - = : Z¢@ 0 dB Rf1=1910:°0MHz 
Rit ‘ i870 Miz) @ 0 dBm Rf2 = peo rune Mh SMHI-C3M Bre resmiet OOo 
RBW 5 KHz RF Att 10 dB RBW 10 KHz RF Att 0 dB 
-16.55 dBm BW 1 KH -17.23 oB RBW S KHz RF Att 0 oB Ref Lvl -19.54 dBm VBW 3 KH 
ates JB PERE swt 320 Ms Unit Ae ae 70100 MHz" ae ee A Unit dBm ; “195 aBn Oa ES es a4 Ms Unit aB 
x [toss |: esad 4 ax Loss =| 95 ab] 
“10 ie ~10 [E | 
-20 if -20 wu | T 
-30 -30 =30 | T | 
-40 + : -40 ~40 
~50 — -50 50 
go 20S oBm a J ey 
Ps ee WAP A -20 i 
-90 4 — -90 -90 
-100 -100 = - 
center 893.945 MHz 62.5 kH2z/ Span 625 kHz Center 70.000 MHz 100 kHz/ Span 1 MHz Center 141,0000 MHz 100 kH2/ poo net SZ 
Pa VU NN 2 
@-=7U BPE. UB 
2 BE LUE BD 
ET ae al ed eS oS 
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THROUGH HOLE MODELS 


FREQUENCY (MHz) 


40 - 80 
40 - 80 


80 - 160 
80 - 160 
80 - 160 
80 - 160 
80 - 160 


100 - 200 
100 - 200 
100 - 200 
100 - 200 
100 - 200 


150 - 300 
150 - 300 
150 - 300 
150 - 300 
150 - 300 


200 - 400 
200 - 400 
200 - 400 
200 - 400 
200 - 400 


400 - 550 
550 - 750 
750 - 1000 
1358 - 1453 
2238 - 2410 


Notes: 


IF, is rejected when the RF frequency is lower than the LO frequency. 
IF, is rejected when the RF frequency is higher than the LO fre- 


quency. 


20 - 100 
10 - 110 


60 - 180 
50 - 190 
40 - 200 
20 - 220 
10 - 230 


80 - 220 
70 - 230 
60 - 240 
40 - 260 
30 - 270 


130 - 320 
120 - 330 
110 - 340 
90 - 360 
80 - 370 


180 - 420 
170 - 430 
160 - 440 
140 - 460 
130 - 470 


400 - 550 

550 - 750 

750 - 1000 

1428 - 1523 70 
2308 - 2480 70 


Nominal impedance = 50 ohms. 
Maximum RF input power without damage 200 mW. 


2 
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CONVERSION 
LOSS (dB) 


TYP 


QAaaan aAGaan ANHoaan aAMaaaG oH 


NNNWN NNNNN NNNNN NNNNN NANNN NN 
ao 


MAX 


onnneo ONDOO OnOOWOWw oR oRoRiece) oOonnVno oo 


IMAGE REJECT 
MIXERS 


IMAGE INPUT 1 dB ISOLATION (dB) 
REJECTION COMP. PT. 


(dB) (dBm) PIN-OUT 


LO/RF LO/IF (See Below) 


TYP/MIN TYP/MIN 


IMP-921 
IMP-931 


 IMP-922 

_ IMP-932 
IMP-942 
 IMP-962 
 IMP-972 


IMP-923 
IMP-933 
IMP-943 
IMP-963 
IMP-973 


 IMP-924 
_IMP-934 
IMP-944 
IMP-964 
IMP-974 


IMP-925 
IMP-935 
IMP-945 
IMP-965 
IMP-975 


IMP-916 
IMP-926 
IMP-936 
IMP-917 
~ IMP-928 | 


—_ 
7 


— — . . —_— — — — — _ = = = —_ — 3 2 
—_ — = —. _ = = —_ — 2 =. 


— = - = 


—— 


NMNM == = 


PIN-OUT TABLE 


CASE GND 


All Other 
All Other 


For pin location and package outline drawings, see back pages. 
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IMAGE REJECT 
MIXERS 


COAXIAL CONNECTOR MODELS 


CONVERSION IMAGE ISOLATION (dB) 
LOSS (dB) REJECTION 


(dB) PIN-OUT 


LO/RF LO/IF (See Below) 
TYP MAX TYP/MIN TYP/MIN 


IRK3A-10 
IRK20A-25 
IRK30A-15 
IMK-721* 
IMK-731* 


IMK-722* 
IMK-732* 
IMK-742* 
IMK-762* 
IMK-772* 


3-30 

20 - 500° 
30 - 450 
20 - 100 
10 - 110 


on 
oe Mh 


pe Ee ee re es 
AQAA AnHAAG AMNAAH ANAAH AKI 
ae ee ae Ee a 


—_— = SS SS 


_—_ 


60 - 180 
50 - 190 
40 - 200 
20 - 220 
10 - 230 


80 - 220 
70 - 230 
60 - 240 
40 - 260 
30 - 270 


130 - 320 
120 - 330 
110 - 340 
90 - 360 
80 - 370 


180 - 420 

170 - 430 

160 - 440 

140 - 460 

130 - 470 +10 


= = = = 
See ees 


IMK-723* 
IMK-733* 
IMK-743* 
IMK-763* 
IMK-773* 


IMK-724* 
IMK-734* 
IMK-744* 
IMK-764* 
IMK-774* 


IMK-725* 
IMK-735* 
IMK-745* 
IMK-765* 
IMK-775* 


—_ = = = 
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_ | 


IRK500A-2 
IRK600A-1 
IRK658A-1 
IRK800A-2 
IMK-718S 
IMK-738S 


500 - 1110 same) 
890 - 910 + 23 
660 - 680 + 10 
800 - 2000 , +13 
2200 - 2414 2483-2500 225 + 10 
2500 - 2750 2435-2685 65-75 +10 


aes 
(= ie) 
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Notes: 

IF, is rejected when the RF frequency is lower than the LO frequency. 
IF, is rejected when the RF frequency is higher than the LO frequency. 
Nominal impedance = 50 ohms. 

Maximum RF input power without damage 200 mW. 


*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC. For pin location and package outline drawings, see back pages. 
All other models numbers are available with SMA connectors only. 


PALARi le wa garl® 


= BPE. UY 
USE LURE EG 
201 McLean levard + Paterson, New J 07504 + Tel: (973) 881 + Fax: (97: 1-8361 MICROWAVE CORPORATION 


E-Mail: sales@synergymwave.com * World Wide Web: http:/www.synergymwave.com 


87 


IMAGE REJECT 
MIXERS 


FLAT PACK MODELS 


FREQUENCY (MHz) CONVERSION IMAGE INPUT 1 dB ISOLATION (dB) 
LOSS (dB) REJECTION COMP. PT. 
(dB) (dBm) 
LO/RF LO/IF 
TYP MAX TYP/MIN TYP/MIN 


40 - 80 20 - 100 
40 - 80 10 - 110 


IMF-221 
IMF-231 


_ 
=— — 


80 - 160 60 - 180 
80 - 160 50 - 190 
80 - 160 40 - 200 
80 - 160 20 - 220 
80 - 160 10 - 230 


IMF-222 
IMF-232 
IMF-242 
IMF-262 
IMF-272 


IMF-223 
IMF-233 
IMF-243 
IMF-263 
IMF-273 


a eo 
=_ = 2 = 


100 - 200 80 - 220 
100 - 200 70 - 230 
100 - 200 60 - 240 
100 - 200 40 - 260 
100 - 200 30 - 270 


Se SRS Eyes 
a ates 


150 - 300 130 - 320 
150 - 300 120 - 330 
150 - 300 110 - 340 
150 - 300 90 - 360 
150 - 300 80 - 370 


IMF-224 
IMF-234 
IMF-244 
IMF-264 
IMF-274 


—_ 2 2 


—=— = = = = 


200 - 400 180 - 420 
200 - 400 170 - 430 
200 - 400 160 - 440 
200 - 400 140 - 460 
200 - 400 130 - 470 


IMF-225 
IMF-235 
IMF-245 
IMF-265 
IMF-275 


NNNNN Beste NNNNN Bee NN 
Aaaaga AAaag AAaunnn Aaannn am 
OOD00H OD OHH OCOOHOHOO OCOHWOHOO oOo 


kek tee ak gk 
cts Yi cow pont see asthe 


Notes: 

IF, is rejected when the RF frequency is lower than the LO frequency. 
IF, is rejected when the RF frequency is higher than the LO frequency. 
Nominal impedance = 50 ohms. All Other 
Maximum RF input power without damage 200 mW. 


CASE GND 


For pin location and package outline drawings, see back pages. 
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IMAGE REJECT 
MIXERS 


SURFACE-MOUNT MODELS 


FREQUENCY (MHz) CONVERSION IMAGE VSWR |INPUT 1dB ISOLATION (dB) 


LOSS (dB) ape lbe | PIN-OUT 


LO/RF LO/IF (See Below) 


TYP/MIN TYP/MIN 


60/35 IMS-921 
60/35 IMS-931 


55/35 IMS-922 
55/35 IMS-932 
55/35 IMS-942 
55/35 IMS-962 
55/35 IMS-972 


TYP MAX 


z 


20 - 100 
10 - 110 


60 - 180 
50 - 190 
40 - 200 
20 - 220 
10 - 230 


80 - 220 
70 - 230 
60 - 240 
40 - 260 
30 - 270 


130 - 320 
120 - 330 
110 - 340 
90 - 360 
80 - 370 


180 - 420 
170 - 430 
160 - 440 
140 - 460 
200 - 400 130 - 470 


400 - 550 400 - 550 

550 - 750 550 - 750 
750-1000 750-1000 
1358 - 1453 1428-1523 70 
2238-2410 2308-2480 70 


ah wh 
_-_ 


_ 2 2 2 
-_— 2 3 2 


50/35 IMS-923 
50/35 IMS-933 
50/35 IMS-943 
50/35 IMS-963 
50/35 IMS-973 


a Se 
SS ss 


45/35 IMS-924 
45/35 IMS-934 
45/35 IMS-944 
45/35 IMS-964 
45/35 IMS-974 


—_ | 2 
— 3 — ma 


40/35 IMS-925 
40/35 IMS-935 
40/35 IMS-945 
40/35 IMS-965 
40/35 IMS-975 


Anan AaAaan AAAHH AAGAA aH 


hk oh ahiok oh 
-_ = = = = 


43/35 IMS-916 
42/35 IMS-926 
40/35 IMS-936 
30/25 IMS-917 
25/20 IMS-928 


a 
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NON a a= 


Notes: 

IF, is rejected when the RF frequency is lower than the LO frequency. CASE GND 
IF, is rejected when the RF frequency is higher than the LO frequency. 

Nominal impedance = 50 ohms. All Other 
Maximum RF input power without damage 200 mW. All Other 


For pin location and package outline drawings, see back pages. 


Ute Ri le we aausl® 
=U BPE. UB 
WE UUme EB 
201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 MICROWAVE CORPORATION 
-Mail: sa ynergymwave.com * Wo ie Web: : synergymwave.com .§ 


89 


NOVEL I/Q MODULATORS MIX CELLULAR SIGNALS 


Single Sideband (SSB) or in-phase (1I)/quadrature (Q) 
modulators are used extensively in communications systems, 
including cellular and personal-communications-systems 
(PCS) networks. Although the basic design is fairly mature, it 
has been completely revamped thanks to an innovative 
technique developed by Synergy Microwave Corp. The novel 
approach is based on subharmonic mixing techniques and is 
applicable from about 140 to 3000 MHz. 


In a communications receiver, SSB or I/Q modulators are 
useful in discriminating and removing the lower sideband 
(LSB) or upper sideband (USB) generated during frequency 
conversion, especially when the sidebands are very close in 
frequency and attenuation of one of the sidebands cannot be 
achieved with filtering. This is the case with audio and video 
modulation, where signals from DC to 10 MHz must be 
converted to a higher frequency that is appropriate for 
transmission. In such cases, both sidebands will be very close 
in frequency to the carrier frequency. With an I/Q modulator, 
one of the sidebands is easily canceled or attenuated along 
with its carrier. 


Attenuation of the carrier has been the most troublesome 
aspect in the design of passive I/Q modulators. Isolation 
between the local-oscillator (LO) port and the RF port of the 
mixers, which is the main parameter in determining carrier 
rejection, is usually insufficient at frequencies above 200 MHz. 


/Q modulator designs were basically comprised of two 
double-balanced mixers (Fig. 1). The mixers are fed at the 
LO ports by a carrier phase-shifted through a 90 deg. hybrid. 
Thus, the carrier signal’s relative phase is 0 deg. to one mixer 
and 90 deg. to the other mixer. Modulation signals are fed 
externally in phase quadrature to the two mixers’ IF ports. 
The mixers’ modulated output signals are combined through 
a two-way, in-phase power divider/combiner. 


The circuit forms a phase-cancellation network to one of 
the sidebands and a phase-addition network to the other 
sideband. The carrier is somewhat attenuated and is directly 
dependent on the inherent LO-to-RF isolation of the mixers 


1. An SSB modulator 

matches two high- 
frequency mixers, a 90-F 
deg. hybrid, and anin- fF 
phase power combiner — 


SSB 


output | tp produce an SS 


output signal. 


in-phase 
power 
divider 


3-dB 90-deg. 
hybrid 
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Shankar R. Joshi, Chief Engineer, Synergy Microwave Corp. 


and the modulating signal level. In a standard line of I/Q 
modulators from Synergy, USB suppression results when the 
first modulation port (MOD 1) is fed with a signal that is 90 
deg. in advance of the signal feeding the second modulation 
port (MOD 2). Opposite phasing can be arranged by changing 
the internal phase polarity of the mixers or by interchanging 
the 90-deg. hybrid output ports to the LO ports of the mixers. 


35 
' 0.25 dB ne 
% 0.50 e 
4 75 dB 


The phase and amplitude 
imbalances between the 
various components used in 
the manufacturing of the I/Q 
modulators must be tightly 
maintained for optimum SSB 
rejection. Matching of the two 
mixers for conversion loss and 
insertion phase is extremely 
critical, since differences in 
these parameters will add to 
amplitude- and _ phase- 
imbalance errors. The 90- 
deg. hybrid in the LO port must 
be in nearly perfect phase 
quadrature. 


a 
H 
= 
so 
a 
2 
® 
a 
o 
E 


Phase- and amplitude- 
imbalance errors adversely 
affect sideband suppression 
(Fig. 2). In most cases, a 
typical passive I/Q modulator 
operates with a carrier input 
level of +10dBm, which is 
required to drive the diodes in 
the mixers to operate in the 
linear range. The dynamic 
range of these mixers can be 
significantly improved by using 
diodes with a higher barrier 
height. The LO signal in this case must be increased in order 
to drive these diodes into conduction in their linear range. 


Phase error—deg. 


2. The level of SSB rejection improves as the 
phase- and amplitude-imbalance performance 
of an SSB modulator improves. 


Carrier rejection is also a problem when designing an SSB 
modulator, since only a few decibels of suppression can be 
achieved in standard high-frequency models. In the past, the 
major contributor to carrier suppression was the inherent LO- 
to-RF isolation through the mixers. Unfortunately, this isolation 
is usually poor at cellular frequencies (800 to 1000 MHz), 
where at least 25-dB carrier rejection is necessary. In some 
cases, designers feed a small amount of DC into the IF ports 
to control the carrier rejection, which complicates the driver 
circuitry and calls for temperature compensation when 
operating at different temperatures. 


PaNV IN ATG 
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As an example, an SSB modulator is assumed to operate 
with +10-dBm LO drive with each modulating signal at -10 
dBm and in phase quadrature to each other when applied to 
the modulating ports (MOD 1 and MOD 2). The result will be 
a modulated signal at -16 dBm, assuming 6-dB conversion 
loss. For 20-dB carrier rejection with respect to the desired 
modulaied signal, the carrier must be at -36 dBm, which 
translates to LO-to-RF isolation of 46 dB. 


By employing a the sub-harmonic approach, the engineers 
at Synergy have extended the performance of SSB modulators 
beyond the limits of conventional designs. The approach is 
based on the use of subharmonic mixers in place of 
fundamental-frequency mixers. Subharmonic mixers use anti- 
parallel diode pairs in their construction. ‘* Matched anti- 
parallel diode pairs used in single-ended or single-balanced 
mixer configurations cancel even-order intermodulation 
products (such as 2LO x 2RF, 3LO x 3RF, etc.) at all ports. 


Single-ended mixers lack the port-to-port isolation needed 
for SSB modulator applications. Odd-order products of the 
RF and LO frequencies (even LO x odd RF) and (odd LO x 
even RF) appear on all ports, requiring extensive filtering for 
satisfactory performance. For a single-balanced mixer, even 
harmonics of the LO combining with odd harmonics of the RF 
appear at the IF port, whereas odd harmonics of the LO 
combining with even harmonics of the RF appear at the RF 
and IF ports. This assumes that a balanced transformer is 
placed at the LO port, which is a logical choice due to the fact 
that the highest level signal appears at the LO port. Since the 
desired odd-order IF products appear at both the RF and IF 
ports, a need arises for a diplexing network to isolate the RF 
and IF signals. 


The subharmonic modulator design provides a unique way 
to isolate the RF and IF signals. A single-balanced harmonic 
mixer offers good LO-to-RF and LO-to-IF isolation but poor 
RF-to-IF isolation. Fortunately, harmonically-related signals 
are spaced well apart in the frequency spectrum, simplifying 
filtering of harmonically-related signals. 


Harmonic mixing also works well with low LO power levels, 
with somewhat lower 1-dB compression on the RF port than 
with fundamental-frequency mixing. The ability to operate 
with LO frequencies that are a fraction of the carrier frequency 
(1/2, 1/4, 1/6, etc.) significantly reduces the cost of an LO 
source, especially at higher frequencies. Also, using lower- 
frequency LO sources helps avoid the signal-leakage 
problems inherent with higher-frequency LO sources. 
Minimizing signal leakage, especially at higher frequencies, 
becomes expensive and bulky. Subharmonic mixing offers 
several advantages: 

(1) The technique offers the ability to operate at LO 
frequencies that are 1/2, 1/4, or 1/6 of the carrier 
frequency. For example, for an IF of 100 MHz at an RF 
of 2 GHz, the LO can be (2000-100)/2 = 950 or 1050 
MHz. 
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(2) 
(3) 


(4) 


The LO’s even harmonics are strongly attenuated. 

The filtering requirements for fundamental frequency and 
odd harmonic signals of the LO are not critical. 

The cost of generating the LO is reduced due to the fact 
that the LO frequency need only be a fraction of the carrier 
frequency. 


The novel design approach has opened the way for a new 
line of products specifically designed for applications in the 
cellular bands. Models for cellular frequency coverage extend 
from 810 to 2500 MHz with applications in a wide range of 
systems, including the Advanced Mobile Phone Service 
(AMPS), the Digital European Cordless Telephone (DECT) 
system, the European Global System for Mobile 
Communications (GSM), the Nordic Mobile Telephone (NMT) 
system, the North American Digital Cellular (IS-54 and IS-95 
standards) system, the Japanese Personal Handy Phone 
(PHP), and the Total Access Communications System (TACS). 
As an example of the performance improvements possible 
with the subharmonic mixers, units were evaluated at both 
cellular (935 to 960-MHz) and PCN/PCS (1.8-to-1.9GHz) 
bands. For a conventional SSB modulator at 1.9 GHz fed 
with +10dBm modulation signals, carrier rejection is barely 
10 dB (Fig. 3). 


Sideband rejection can be improved by tuning, but the carrier 
rejection is controlled by the LO-to-RF isolation of the double- 
balanced mixers. Conventional double-balanced mixers with 
high isolation at cellular and PCN bands are very expensive 
and large when special techniques are used to improve LO 
to-RF isolation. In contrast, the subharmonic nature of the 
new approach allows the use of lower-frequency, less- 
expensive components in the modulators’ construction. 


The subharmonic modulators offer an improvement of more 
than 15 dB in carrier suppression compared to the conventional 
approach. 


The measured VSWR (return loss) at the LO and RF ports 
is better than 1.50:1 (Figs. 4 and 5). Measurements made on 
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a cellular-band SSB modulator reveal carrier rejection on the 
order of 40 dB. Typical insertion loss is 7 dB while sideband 
rejection is 30 dB (Fig. 6). 

By the virtue of harmonic mixing, even-order mixing products 
are attenuated by about 30 dB with respect to the desired 


Frequency—MHz 


4. The SSB modulator’s return loss was measured at the local-oscillator 
(LO) port. 


modulated output signal. The fundamental-frequency feed 
through into the output port is approximately 5 dB lower than 
the desired modulated signal, whereas the fourth harmonic 
mixing with the modulating signal is approximately 10 dB lower. 
Typical loss for fourth-harmonic mixing is 17 to 19 dB while 
maintaining 30 dB of carrier rejection. 


Since harmonically-related products are well-spaced in 
frequency, filtering undesired signals is relatively inexpensive 
using standard octaveband bandpass filters. Low-cost 
commercial bandpass filters typically offer better than 40-to- 
50-dB attenuation of unwanted harmonic signals. Constant- 
impedance bandpass filters offering good impedance match 
at desired stopbands can also be used in cases where 
harmonically related products require impedance termination 
within a system. 


The subharmonic modulator design is easily retrofitted to 
custom frequencies. Conversion of an SSB modulator with 


Return loss—dB 


Frequency—MHz 


2 bed novel harmonic SSB modulator’s return loss was measured at the 
port. 
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output frequency corresponding to twice the LO frequency to 
one with output corresponding to four times the LO frequency 
requires only one component change, in the form of a signal- 
combining network at the modulator’s output. Although the 
conversion loss of the fourth-harmonic LO component mixing 
with the modulating signal is in the vicinity of 18 dB, the cost 
of generating the LO is drastically reduced with the 
subharmonic modulator. In spite of higher signal loss, the 
carrier rejection is still at least 30 dB at the fourth harmonic, 
and harmonically related products can be eliminated with an 
inexpensive filter. 
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2. Don Neuf, “Fundamental versus Harmonic Mixing” 
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6. This plot of carrier and sideband rejection was measured for the novel 
harmonic SSB modulator operating at cellular frequencies. 
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EN 1&0 SUB-HARMONIC 
es MODULATORS 


8 PIN - RELAY HEADER 


1000 - 1070 
1200 - 1280 


1400-1500 — 


RF OUTPUT 
FREQUENCY 


(MHz) 


810 - 830 
825 - 875 
869 - 894 
935 - 970 


1500 - 1650 


1800 - 1900 
1805 - 1880 
1920 - 2000 
2000 - 2200 
2200 - 2500 


RF OUTPUT 
FREQUENCY 


(MHz) 


810 - 830 
825 - 875 
869 - 894 
935 - 970 


1000 - 1070 
1200 - 1280 


- 1400 - 1500 — 


1500 - 1650 


1800 - 1900 
1805 - 1880 
1920 - 2000 
2000 - 2200 
2200 - 2500 


CARRIER 
FREQUENCY 


NOMINAL CONVERSION SSB CARRIER HARMONIC 
CARRIER LOSS (dB) REJECTION REJECTION REJECTION PIN-OUT 
POWER (See 


Below) 

(MHz) 
405 - 415 
412 - 438 
434 - 447 
467 - 485 


500 - 535 
600 - 640 


(dBm) 


700 - 750 


750 - 825 


900 - 950 
902 - 940 
960 - 1000 
1000 - 1100 
1100 - 1250 


CARRIER 
FREQUENCY 


NOMINAL CONVERSION SSB CARRIER HARMONIC 
CARRIER LOSS (dB) REJECTION REJECTION REJECTION PIN-OUT 
POWER (See 


Below) 

(MHz) 
405 - 415 
412 - 438 
434 - 447 
467 - 485 


500 - 535 
600 - 640 
700 - 750 
750 - 825 


(dBm) 


900 - 950 
902 - 940 
960 - 1000 
1000 - 1100 
1100 - 1250 


NMNNNNM NNNND NMNMNNY 


Notes: 

- USB is suppressed when MOD.1 is +90° ref to MOD. 2. i SSB OUTPUT 
- LSB is suppressed when MOD._1 is -90° ref to MOD. 2. ac alatil ee el 

- 1 dB Comp. Point: -5 dBm (Nom) 1 

- Modulation Frequency = DC to 20 MHz 2 


- Harmonic and Carrier rejection is guaranteed with -10 dBm input at 
MOD. 1 and MOD. 2. 


For pin location and package outline drawings, see back pages. 


- Conversion Loss is the difference between total power of both 
modulation inputs and desired sideband output. 


This product is protected under United States Patent Number 5,416,449. 
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HSMR-810 
HSMR-825 
HSMR-869 
HSMR-935 


HSMR-1000 
HSMR-1200 
HSMR-1400 
HSMR-1500 


HSMR-1800 
HSMR-1805 
HSMR-1930 
HSMR-2000 
HSMR-2250 


HSMD-810 
HSMD-825 
HSMD-869 
HSMD-935 


HSMD-1000 
HSMD-1200 
HSMD-1400 
HSMD-1500 


HSMD-1800 
HSMD-1805 
HSMD-1930 
HSMD-2000 
HSMD-2250 


CASE GND 


All Other 
All Other 
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ISOLATION (dB) INPUT 1 dB 
COMP. PT. 


(Degrees) (dBm) 
LO/RF LO/IF 
TYP/MAX 


19-21 10-30 DC-10 
28.5-31.5 15-45 DC-15 
38-42 20-60 DC-20 
52-88 52-88 DC-35 
57-63 30-90 DC-30 
66.5-73.5 35-105 DC-35 


80-160 80-160 DC-40 
100-200 100-200 DC-50 
810-830 810-830 DC-50 
850-950 850-950 DC-100 
869-894 869-894 DC-50 
935-960 935-960 DC-50 


QMS-201 
QMS-202 
QMS-203 
QMS-210 
QMS-204 
QMS-205 


— QMS-206 
_ QMS-207 
— QMS-214 
QMS-213 
QMS-224 
QMS-234 


QMS-244 


_ SS = = 2 
=—_ = = = = = 


—_ A | = SS 


_ A 9 = = = 


O EVO wee NNNNNN 
oO fPSeGoOeSG., CO0D00O 


NO 
= 


1805-1880 1805-1880 DC-50 


# Conversion loss = RF input power (dBm) minus IF1 and IF2 power (dBm). PIN-OUT TABLE 
CASE GND 
Notes: 
IF, is +90° ref to IF, when RF < LO frequency. 
Nominal impedance = 50 ohms. 


Maximum RF input power without damage 200 mW. For pin location and package outline drawings, see back pages. 


All Other 
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THROUGH-HOLE MOUNT 
8 PIN- RELAY CAN 


FREQUENCY (MHz) LO LEVEL] CONVERSION} AMPLITUDE PHASE ISOLATION (dB) INPUT 1 dB 
LOSS@ (dB) | UNBALANCE | UNBALANCE COMP. PT. 
(Degrees) (dBm) 
LO/RF LO/IF 
MIN MIN 


10-30 DC-10 
15-45 DC-15 
20-60 DC-20 
30-90 DC-30 
35-105 DC-35 


DC-40 
DC-50 
DC-50 
DC-50 
DC-50 


QMR-201 
QMR-202 
QMR-203 
QMR-204 
QMR-205 


QMR-206 
QMR-207 
QMR-214 
QMR-224 
QMR-234 
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QMR-244 


INPUT 1 dB 
COMP. PT. I PIN-OUT 
(Degrees) (dBm) (See 
LO/RF LO/IF Below) 
TYP/MAX MIN MIN 


z 


QMP-15-50 
QMP-34-15 


QMP-901 
QMP-902 
QMP-903 
QMP-904 
QMP-905 


15-50 DC-10 
15-510 DC-250 


10-30 DC-10 
15-45 DC-15 
20-60 DC-20 
30-90 DC-30 
35-105 DC-35 


DC-40 
DC-50 
DC-50 
DC-50 
DC-50 


1805-1880 1805-1880 DC-50 


np —| 
— 


_ 
= = = - 


QMP-906 
QMP-907 
QMP-914 
QMP-924 
QMP-934 


QMP-944 


ee 


opm ewer NNNNN SS 
SCfOSGGOG CO000 Sa 
—_ | Sr 


NO 
= 


IF, is +90° ref to IF, when RF < LO frequency. CASE GND 

Nominal impedance = 50 ohms. 

Maximum RF input power without damage 200 mW. fe sek! 
er 


45 


¢ Conversion loss = RF input power (dBm) minus IF1 and IF2 power (dBm). For pin location and package outline drawings, see back pages. 
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ISOLATION (dB) INPUT 1 dB 
COMP. PT. 
(Degrees) (dBm) 
LO/RF LO/IF 
MAX TYP/MAX MIN 


z 


QMF-201 
QMF-202 
QMF-203 
QMF-204 
QMF-205 


19-21 10-30 DC-10 
28.5-31.5 15-45 DC-15 
38-42 20-60 DC-20 
57-63 30-90 DC-30 
66.5-73.5 35-105 DC-35 


80-160 80-160 DC-40 
100-200 100-200 DC-50 
810-830 810-830 DC-50 
869-894 869-894 DC-50 
935-960 935-960 DC-50 


= 2 = = — 


DP BOMAM AAAAH 
3 -_ = = = = 


_ = = = 
—_ — -—) 2 3 


7.0 
7.0 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 


NO 
aX 


1805-1880 1805-1880 DC-50 


INPUT 1 dB 
COMP. PT. 
(Degrees) (dBm) 
TYP/MAX 


15-510 15-510 DC-250 


no 
—_ 


QMK-34-15 


QMK-701* 
QMK-702* 
QMK-703* 
QMK-704* 
QMK-705* 


QMK-706* 
QMK-707* 
QMK-714* 
QMK-724* 
QMK-734* 


QMK-744* 
QMK2450A 
QMK2490A 


19-21 10-30 DC-10 
28.5-31.5 15-45 DC-15 
38-42 20-60 DC-20 
57-63 30-90 DC-30 
66.5-73.5 35-105 DC-35 


80-160 80-160 DC-40 
100-200 100-200 DC-50 
810-830 810-830 DC-50 
869-894 869-894 DC-50 
935-960 935-960 DC-50 


—_— — 2.2 = 
—_ — 2 3 2 


a aot ot od 
-_ | = = = 


1805-1880 1805-1880 DC-50 
2450 2400-2500 DC-100 
3410-3590 3410-3590 DC-100 


Oe CPODOO | HAS 
SOS C0000 -6O000 oO 
SOD PMOAM ANAAM O 
NNN NNNNNY NNNNN w 


NNN 
—_—b ad oh 


Notes: 
IF, is +90° ref to IF, when RF < LO frequency. 
Nominal impedance = 50 ohms. CASE GND 
Maximum RF input power without damage 200 mW. : All Other 


*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC. : . ° . 
All other models numbers are available with SMA connectors only. For pin location and package outline drawings, see back pages. 


CULAR i ee we aarusl® 
@-U BBE. 
a\— WB TUE 
MICROWAVE CORPORATION 


¢ Conversion loss = RF input power (dBm) minus IF1 and IF2 power (dBm). 
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ES  1&Q 
es MODULATORS 


CONVERSION 
Loss 
(dB) 


INPUT 1 dB 
COMP. PT. 
(dBm) 


MAX MIN 


8.0 30 45 0 SMS-201 
8.0 30 45 0 SMS-202 
8.0 30 45 0 SMS-203 
8.0 30 45 0 SMS-204 
8.0 30 45 0 SMS-205 
8.0 30 45 0 +15 102S 1 SMS-206 
8.0 35 65 +20 +30 103S 1 SMS-1506 
8.0 40 65 +8.0 +20 103S 1 SMS-1650 
8.0 40 60 +6.0 +18 103S 1 SMS-2206 
8.5 30 35 0 +15 102S 1 SMS-214 
8.5 30 35 0 +15 102S 1 SMS-224 
8.5 30 35 0 +15 102S 1 SMS-234 
DC-100 8.5 25 25 0 +15 102S 1 SMS-244 


Notes: 
- SSB rejection based on optimum input quadrature signals. CARRIER OUTPUT MOD, CASE GND 


- Conversion Loss is the difference between total power of both 

modulation inputs, and desired sideband output. 4 All Oth 
- USB is suppressed when MOD.1 is +90° ref to MOD.2. <4 
- LSB is suppressed when MOD._1 is -90° ref to MOD.2. : : : : 
- Nominal impedance = 50 ohms. For pin location and package outline drawings, see back pages. 


- Maximum RF input power without damage 200 mW. 


PAL ail wa ears® 
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THROUGH HOLE MODELS 
8 PIN - RELAY HEADER 


CARRIER MODULATION CARRIER 
FREQUENCY FREQUENCY POWER 
(dBm) 


CONVERSION 
Loss 
(dB) 


LO/RF 
ISOLATION 


INPUT 1 dB 
COMP. PT. 
(dBm) 


REJECTION 


NOM 


(MHz) 


E A DC-15 +10 8.0 30 45 0 +15 102 1 SMR-201 
57 - 63 DC-30 +10 8.0 0 +15 102 1 SMR-202 
66.5 - 73.5 DC-35 +10 8.0 0 +15 102 1 SMR-203 
40 - 80 DC-40 +10 8.0 0 +15 102 1 SMR-204 
80 - 160 DC-80 +10 8.0 0 +15 102 q SMR-205 
100 - 200 DC-100 +10 8.0 0 +15 102 1 ~SMR-206 
810 - 830 DC-40 +10 8.5 0 +15 102 1 ~SMR-214 
869 - 894 DC-80 +10 8.5 0 +15 102 1 ~SMR-224 
935 - 960 DC-100 +10 8.5 0 +15 102 1 SMR-234 
1805 - 1880 DC-100 8.5 0 1 SMR-244 


CARRIER MODULATION CARRIER CONVERSION SSB LO/RF INPUT 1 dB 
FREQUENCY FREQUENCY POWER LOSS REJECTION ISOLATION COMP. PT. | p, PIN-OUT 
(dBm) (dB) (dB) (dB) (dBm) (See 
Below) 
(MHz) NOM MAX MIN 


DC-250 


DC-15 
DC-30 
DC-35 
DC-40 
DC-80 


DC-100 
DC-10 
DC-40 
DC-80 
DC-100 
1805 - 1880 DC-100 


SMP-34-15 


SMP-901 
SMP-902 
SMP. 

SMP-904 
SMP-905 


SMP-906 
SMP-907 
SMP-914 
SMP-924 
SMP-934 
SMP-944 


COMMMMm DBDMDDDMD oOo 
aAanananaod Zzoeocgaog:; oOo 
ooooo0o0 eo0000 Oo 
NNNNNDM NNNNN WH 


Notes: 
- SSB rejection based on optimum input quadrature signals. CARRIER OUTPUT MOD, MOD, CASE GND 
- Conversion Loss is the difference between total power of both 
modulation inputs, and desired sideband output. All other 
- USB is suppressed when MOD.1 is +90° ref to MOD.2. 13 All other 
- LSB is suppressed when MOD._1 is -90° ref to MOD.2. 2 4,5 


- Nominal impedance = 50 ohms. 
- Maximum RF input power without damage 200 mW. 


For pin location and package outline drawings, see back pages. 


PoVV ANY OG) 
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Mae ee T&Q 
Ps MODULATORS 


FLA T PACK MODELS 


CARRIER 
FREQUENCY 


MODULATION 
FREQUENCY 


CONVERSION 
Loss 
(dB) 


(MHz) 


SMF-205 
+15 115 1 SMF-206 


MODULATION CONVERSION SSB LO/RF INPUT 1 dB 
FREQUENCY LOSS REJECTION ISOLATION COMP. PT. ie PIN-OUT 
(dB) (dBm) (See 
Below) 
(MHz) MIN 


15 - 510 DC-250 ; SMK-34-15 
28.5 - 31.5 DC-15 ; SMK-701* 
57 - 63 DC-30 : SMK-702* 
66.5 - 73.5 DC-35 : SMK-703* 
40 - 80 DC-40 ; SMK-704* 


80 - 160 DC-80 . SMK-705* 
100 - 200 DC-100 : SMK-706* 


*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC. PIN-OUT TABLE 
All other models numbers are available with SMA connectors only. CARRIER OUTPUT MOD, MOD, CASE GND 
Notes: 14 10 5 All Other 
- SSB rejection based on optimum input quadrature signals. 3 2 4 z 
- Conversion Loss is the difference between total power of both 

modulation inputs, and desired sideband output. For pin location and package outline drawings, see back pages. 


- USB is suppressed when MOD._1 is +90° ref to MOD.2. 
- LSB is suppressed when MOD.1 is -90° ref to MOD.2. 
- Nominal impedance = 50 ohms. 

- Maximum RF input power without damage 200 mW. 


PALA Ril wa garl® 
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SURFACE-MOUNT MODELS 


INPUT INSERTION AMPLITUDE 
CARRIER FREQUENCY LOSS (dB) UNBALANCE 
(dB) 


(MHz) TYP/MAX MAX 


PHASE 
UNBALANCE 


(Degrees) 
MAX 


129 


INPUT 1 dB 
COMP. PT. 


(dBm) PIN-OUT 


(See Below) 


THROUGH HOLE MODELS 
8 PIN- RELAY CAN 
INSERTION AMPLITUDE 


CARRIER FREQUENCY LOSS (dB) UNBALANCE 


(MHz) TYP/MAX 


TO-8 (12 PIN) 


INSERTION AMPLITUDE 
CARRIER FREQUENCY LOSS (dB) UNBALANCE 


(MHz) TYP/MAX 


PHASE 
UNBALANCE 


(Degrees) 
MAX 


PHASE 
UNBALANCE 


(Degrees) 
MAX 


INPUT 1 dB 


COMP. PT. PIN-OUT 


(See Below) 


MP-205 
MP-215 
MP-207 
MP-217 


INPUT 1 dB 
COMP. PT. 
(dBm) 


PIN-OUT 
(See Below) 


Notes: 

Logic 1 corresponds to +20 mA and Logic 0 corresponds to -20 mA. 
Nominal input/output impedance = 50 ohms. 

Maximum RF input power without damage 75 mW or 40 mA. 


INPUT OUTPUT CASEGND NOCONN. 
3,6 


7,8,9,10 
ae 6 
All other 


For pin location and package outline drawings, see back pages. 
*Connect pins together externally. 


ALAR We garde 

=U BREE. 
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eS BPSK 
Ps MODULATORS 


FLAT PACK MODELS 


1 - 400 
1-400 
10 - 900 
10 - 900 
40 - 1150 


40 - 1150 


INPUT 
CARRIER FREQUENCY 


INSERTION 
LOSS (dB) 


INSERTION 
LOSS (dB) 


AMPLITUDE 
UNBALANCE 


(dB) 


AMPLITUDE 
UNBALANCE 


(dB) 


PHASE INPUT 1 dB 
COMP. PT. 


UNBALANCE 


(Degrees) 
MAX 


PHASE INPUT 1 dB 
COMP. PT. 


UNBALANCE 


PIN-OUT 
(See Below) 


MF-206 
MF-216 
MF-208 
MF-218 
MF-210¢% 


MF-220? 


(MHz) Speer 


MK-701S 
MK-711S 
MK-702S 
MK-712S 
MK-703S? 


MK-713S? 


PIN-OUT TABLE 
INPUT OUTPUT 


Require external bipolar squarewave driver capable of generating +/-20 mA . 
CASE GND 
Notes: 

Logic 1 corresponds to +20 mA and Logic 0 corresponds to -20 mA. 
Nominal input/output impedance = 50 ohms. 

Maximum RF input power without damage 75 mW or 40 mA. 


2,3,6,7,8 


For pin location and package outline drawings, see back pages. 


GULeRi le we earl® 
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OPSK 


es MODULATORS 


COAXIAL CONNECTOR MODELS 


INPUT INSERTION AMPLITUDE PHASE UNBALANCE 


CARRIER FREQUENCY LOSS (dB) UNBALANCE 
(dB) 
(MHz) MAX MAX 


oOo 


15 - 510 
28.5 - 31.5 
52 - 88 

57 - 63 
66.5 - 73.5 


oo -o-- 


104 - 176 
133 - 147 
190 - 210 
285 - 315 
810 - 830 


869 - 894 
935 - 960 
1805 - 1880 


OWOO OMNNN®D NNON= 
aon oMmM0cd0ng oo000> 
SFOOD ORERRO BREROR 


=So9S 9S990> 


Notes: 

Logic 1 corresponds to +20 mA and Logic 0 corresponds to -20 mA. 
Requires external bipolar squarewave driver capable of generating +/-20 mA 
to drive D1 and D3. 

Nominal input/output impedance = 50 ohms. 

Maximum RF input power without damage 200 mW and 40 mA at D1 and D3. 


*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC. 


All other models numbers are available with SMA connectors only. 


(Degrees) 
Fe FULL BAND 
MAX MAX 


OFRR BNNNN NNNN= 
S200 CD0O000 cCoOo0e 
NAA ATNWHon WHWHAwWs 
SOO DOMMO aMoMne 


INPUT 1 dB 
COMP. PT. 
(dBm) 


é 


— = = AD 
atk ok 2 


NNMM NH Aaa = 
NOOO ONNYNN NAYNNOG 
a’ ott = = = 


= a= 


PIN-OUT 
(See Below) MODEL 


MK-34-15 
MK-751* 
MK-757* 
MK-753* 
MK-755* 


MK-758* 
MK-756* 
MK-759* 
MK-760* 
MK-714S 


MK-724S 
MK-734S 
MK-736S 


PIN-OUT TABLE 


#1 1 3 2 4 


For pin location and package outline drawings, see back pages. 


LOGIC TABLE 


PHASE Di D3 


PsaNTINL OYA) 
@3 BEE. UY 


WU INE 
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OPSK 
Ps MODULATORS 


SURFACE-MOUNT MODELS 


INSERTION AMPLITUDE PHASE UNBALANCE 
CARRIER FREQUENCY LOSS (dB) UNBALANCE (Degrees) , PT. PIN-OUT 
(dB) Fe FULL BAND (See Below) 
(MHz) MAX MAX MAX MAX 


10.165 - 11.235 
20.33 - 22.47 
28.5 - 31.5 

52 - 88 

57 - 63 


66.5 - 73.5 
104 - 176 
133 - 147 
190 - 210 
285 - 315 


810 - 830 
869 - 894 
935 - 960 
805 - 1880 


ODMe NNNON NONNN 
aonao aoooroo — Creo. 
=SS9S9 9909039 9-999 
foo o> o> o>) bhPHLOL RODD HL 
ORAR NNNNN NNNNN 
Soo oO ooo°co ee) ae am o> WC =) 
NAAT THWTW WWW w 
(eo co: ouanow aonavu 
ee ae ee 
NOOO AANA NANNY 
at ott od = ok awk ak ook ook 3 5 


NNNN 


MS-236 


FLAT PACK MODELS 


INPUT INSERTION AMPLITUDE PHASE UNBALANCE INPUT 1 dB 
CARRIER FREQUENCY LOSS (dB) UNBALANCE (Degrees) COMP. PT. PIN-OUT 
(dB) Fe FULL BAND (dBm) (See Below) 
(MHz) MAX MAX MAX MAX MIN 


28.5 - 31.5 
52 - 88 
57 - 63 


66.5 - 73.5 
104 - 176 
133 - 147 
190 - 210 
285 - 315 


MF-111 
MF-117 
MF-113 


—_ — — 


aoe NH 
-_= SS A 


_ | 


MF-115 
MF-118 
MF-116 
MF-119 
MF-120 


NNNON NON 
aAoo°oo ooo 
S999 O=9 
bhpHOH hot 
NNNNN NNN 
ooo°0c°o ooo 
MOHWMH WA 
oanon aow 
_= = oS SS 

NNMNMNNDY NON Ph 


Notes: 
Logic 1 corresponds to +20 mA and Logic 0 corresponds to -20 mA. feet Messin 
Above models do not include Logic complimentary drivers. CARRIER OUTPUT D4 CASE GND 


Nominal input/output impedance = 50 ohms. 


Maximum RF input power without damage 200 mW and 40 mA. 6 2,7 


12 10 All Other 


For pin location and package outline drawings, see back pages. 


LOGIC TABLE 
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THROUGH-HOLE 


| al v 


8 PIN- RELAY CAN 
INPUT INSERTION AMPLITUDE PHASE UNBALANCE INPUT 1 dB 
CARRIER FREQUENCY LOSS (dB) UNBALANCE (Degrees) COMP. PT. PIN-OUT 
(dB) Fe FULL BAND (dBm) (See Below) 

(MHz) MAX MAX MAX MAX MIN MAX 

10.165 - 11.235 0.4 102 

20.33 - 22.47 102 

28.5 - 31.5 102 


52 - 88 
57 - 63 


— — — — — 
=_ = = = = 


66.5 - 73.5 
104 - 176 
133 - 147 
190 - 210 
285 - 315 


ab ok oh ok ok 
— — — — 


810 - 830 
869 - 894 
935 - 960 
1805 - 1880 


OMMO NNNON Non NN 
aono aodvododo (= We = ol) 
=S999 999239 o=900 

OODD®D hAROR RODE 

PAAR NNNNN NNNNN 
oo oc. © ooo°co coc Cc c 
NAMA TOWnAwW wWMNwWwWw 
(a Nf ce Jal a> = | oaano ui aoununu 
NOSSO NNAAN NANNY 
EOE 


NNNN 


MR-236 


PLUG-IN 6 PIN (Wideband) AND 16 PIN 


INPUT INSERTION AMPLITUDE PHASE UNBALANCE INPUT 1 dB 
CARRIER FREQUENCY LOSS (dB) UNBALANCE (Degrees) COMP. PT. PIN-OUT 
Fe FULL BAND (dBm) (See Below) 
(MHz) MAX MAX MAX 
15 - 510 ies 10 10 PEG 3 *MP-34-15 
28.5 - 31.5 7.0 0.4 2.0 3.0 TA 2 MP-901 
52 - 88 8.0 1.0 2.0 5.0 Tt 2 MP-907 
57 - 63 TG\S) 0.4 2.0 3.0 i 2 MP-903 
66.5 - 73.5 7.0 0.4 2.0 3.5 aren 2 MP-905 
104 - 176 8.0 1.0 2.0 5.0 dete Z MP-908 
133 - 147 7.0 0.4 2.0 30 le 2 MP-906 
190 - 210 7.0 0.4 2.0 3.5 evict 2 MP-909 
285 - 315 (as 0.4 2.0 5.0 tela Z MP-910 
810 - 830 8.0 0.6 4.0 5.0 2.0:1 2 MP-914 
869 - 894 8.5 0.6 4.0 5.0 2.0:1 2 MP-924 
935 - 960 8.0 0.6 4.0 5.0 20:7 2 MP-934 
1805 - 1880 9.5 1.0 6.0 7.0 2.271 2 MP-936 
Notes: PIN-OUT TABLE 
Logic 1 corresponds to +20 mA and Logic 0 corresponds to -20 mA. CARRIER OUTPUT CASE GND 
Above models do not include Logic complimentary drivers. 
Nominal input/output impedance = 50 ohms. 2,7 
Maximum RF input power without damage 200 mW and 40 mA. ° All Other 
The logic table for the MP-34-15 is the same as for the coaxial connector models. = 4,5 
LOGIC TABLE For pin location and package outline drawings, see back pages. 


PHASE D1 D2 D3 
0° 
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ALARA a earusl® 


There are several classes of devices that can be used to divide 
or combine RF/Microwave power. Generally, they are classitied 
according to the number of output ports and the relative phase 
difference between the output signals. The appropriate device 
must be carefully selected based on the device type and 
specifications. Particular care must be taken in specifying 
devices where the application calls for power combining. 


The following is a description of the key characteristics 
normally used in specifying Power Divider performance, and the 
various types of Power Dividers available. 


PARAMETER DEFINITIONS 


Insertion Loss 

Insertion loss is, simply, the difference in excess of the 
theoretical splitting loss (in dB) between the amplitude of any 
output signal and the amplitude of the input signal. The 
theoretical splitting loss is 3 dB for 2-way dividers, 6 dB for 
4-way dividers, 9 dB for 8-way, etc. 


Amplitude Balance 
Amplitude Balance (in dB) refers to the maximum amplitude 
difference between any two output signals. 


Phase Balance 

Phase Balance (in degrees) refers to the maximum phase 
deviation from theoretical, measured betweenany two output 
signals (i.e., net phase difference in an in-phase device, net 
phase difference less 90 degrees in a quadrature device, etc.) 


Isolation 

Isolation (in dB), in a Power Divider, is defined as the 
attenuation between a signal present at any Output port and its 
level as measured at any other Output port, with the input port 
terminated in 50 ohms. This is a critical parameter that allows the 
design engineer to estimate "crosstalk" between the various 
outputs. 


Internal Power Dissipation 

Internal Power Dissipation is simply the power rating of the 
internal terminations. When the Power Divider is utilized in the 
recommended manner, these ratings would not be exceeded. 
However, some system configurations may allow, for example, 
the possibility of various outputs being disconnected. In this case, 
high power levels are "dumped" across the internal terminations. 
Obviously, in this case, care should be taken with respect to the 
Internal Power Dissipation rating. 


DEVICE TYPES 


In Phase: N-way Dividers 

These devices deliver output signals in-phase with each other. 
The most common types are 2-, 4-, 8-, and 16-way dividers. Odd- 
numbered power division circuits, by design, have a narrower 
bandwidth. The following table contains number of output and 
corresponding coupling loss. 


201 McLean Boulevard « Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 
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No. of output 
(N) 


Coupling Loss 
(dB) 


_—_ 
MDOP OQarkwWN 


Extreme caution must be used when combining signals. 
Proper combining requires that all signals have the same 
frequency phase, and amplitude. If dissimilar signals are 
combined, make sure that the resistors used are capable of 
handling the required power. 


180 Degree Hybrids 

A 180 degree hybrid is a 4 port device which provides two 
(C&D) equal amplitude in phase signals when fed from its sum 
port (=), and two (C&D) equal amplitude 180 degrees out of 
phase signals when fed from its difference port (A). 


If port B is terminated, then the 180 degree hybrid becomes a 3 
port device. 


90 Degree (Quadrature) Hybrids 

These devices split or combine in quadrature (one output 
signal being 90 degrees out of phase with theother), and have 
many uses in signal processing. Even though they are reciprocal 
devices, the same care must be taken in combiner applications 
as with in-phase combiners. Bandwidth is the most important 
limitation of the quadrature ("quad") hybrid. "Crossover" quads 
have a bandwidth of 10% and can be manufactured to have 
excellent amplitude and phase balance as well as low loss, high 
isolation, and good VSWR. They are very useful for processing 
signal frequencies and their applications are numerous. 


Synergy's Quadrature Hybrids are available in bandwidths of 
10%, octave, 3:1, 5:1, and 10:1 in various package styles. 
re AN aha ate 
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EE POWER DIVIDERS 
SS (0°: 2- WAY 


LEADLESS SURFACE-MOUNT 


7 
FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
PIN-OUT 
RANGE (Degrees) (dB) (See MODEL 
LB MB UB LB MB UB MB U LB MB UB 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX 


0.1 - 100 23/20 0.2/0.4 .25/0.6 0.4/1.0 


= 
2a 


1 - 500 
2 - 300 
5 - 500 
10 - 1000 


10 - 1000 
10 - 1000 
500 - 1500 


30/20 
25/20 
25/20 
25/17 


25/17 
18/15 
20/15 


0.3/0.6 
0.5/0.9 
0.4/0.7 
0.5/0.8 


0.5/0.8 
0.4/0.8 
0.6/0.8 


.39/0.7 0.6/1.0 
0.6/0.8 0.8/1.0 
0.5/0.8 0.6/1.0 
0.6/1.0 1.0/1.5 


SPD-C2 
SPD-C1 
SD-1 
SD-2 
S$D-3 


SPD-M-3 
SPD-C5 
SPD-C4 


LCWONN NWWN! 
"OQ000 zoonce 
LPROR BERWYN 
"COo000 couoooe 
~oeeoeo SeSsSeSso 
"wwnBR BRANLY 
aS o¢ 
RROD DROW 


700 - 1000 20/15 0.6/0.8 
850 - 960 27/20 —-/- 


S999 99990 


SPD-C3 
SPD-C1-2¢ 


AAGIN NAgGen 
ooo0o°o ooo°oc°o 
S9999 9S9999 
LON ™N OD 01 GW PO 


WWWWA NN=]WOw 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
PIN-OUT 
RANGE (Degrees) (dB) (See 
LB MB UB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX MAX MAX 


1600 - 1700 
1600-1900 

1725 - 1900 
2000 - 2100 
2000 - 2200 


SPD-C7? 
SPD-C10¢ 
DSS-927¢ 
SPD-C8¢ 
DSS-928¢ 


2200 - 2400 ; DSS-929¢ 


Notes: & 75 Ohm Model 

Power Rating(All Models) = 1 watt, max 

@ LB =500-700 MHz, MB = 750-1000 MHz, UB = 1000-1500 Mhz 
* (UB) - Denotes full bandwidth specification 

For pin location and package outline drawings, see back pages. 


INPUT OUTPUT *GROUND 


4,16 All other 
= LF to 10 LF 28 All other 


= 10 LF to HF/2 


= HF/2 to HF *GROUND = Ground externally 


MALARIA wa aan 


~@ 7 BPR. 
WS Bt INRA 
MICROWAVE CORPORATION 
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Ss POWER DIVIDERS 
0°: 2-WAY 


LEADED SURFACE-MOUNT _#e iW 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) 
LB MB UB UB LB MB UB LB MB UB 
TYP/MIN TYP/MIN TYP/MIN MAX MAX MAX MAX MAX 


PIN-OUT 


SDL-1 
SDL-173 = 
SDL-100 
SDL-2 
SDL-174 a 


SDZ-2 
SDL-3 
SDZ-3 
SDL-4 ¢ 
SDZ-125¢% 


ro oto 
oS ho 
ab ak eh ak oh 
-=W- | Ww 
Coco ooo r oS 
PPL OEP ve 
Cooo0o0 oeo0o00°0o 
S999 99999 
Op mh hs 
S909 So°oef 
haga WhWONO 


ONNIOS 


Sea ey es, ee 


ona 
on PAONMNO WOMOO 


poy eS Ne) 
aooond 
cle 
' 
— 
1 


SDL-5¢% 
SDL-7¢ 


SO NNNNG AGO 
S956 cO0D0DOD CO000 
oOo S99909090 289929292 
Ob ANNND Aown 
NM NNNYNNY NNNN= 


o— 
Le 
_ 

me 
oe 


PIN-OUT TABLE 


Notes: #75 Ohm Model INPUT OUTPUT *GROUND 
Power Rating(All Models) = 1 watt, max q 

@ LB = 500-700 MHz, MB = 750-1000 MHz, UB = 1000-1500 Mhz 2 4,6 3,5 

¢ (UB) - Denotes full bandwidth specification 6 3,4 1,2,5 


For pin location and package outline drawings, see back pages. 


LB = LF to 10 LF 
MB =10LF to HF/2 


*GROUND = Ground externally 


UB = HF/2 to HF 


ALAR wa garl® 


=U BBE. 
WB LUmEEe GE 
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Ss POWER DIVIDERS 


FREQUENCY 


RANGE 
(MHz) 


0.004-60 
0.01-100 
0.1-400 
0.25-300 
0.5-500 


1-400 
1-650 
5-2000 
10-850 
10-1000 


10-1000 
10-1400 


FREQUENCY 


RANGE 


ISOLATION (dB) 


LB MB 
TYP/MIN TYP/MIN 


UB 
TYP/MIN 


ISOLATION (dB) 


0.3/0.6 
0.3/0.5 
0.4/.75 


° 
ss 
on 
Na 


So 2So°o°cSco 
OD OROAG AB 


a 


INSERTION LOSS (dB) 


PHASE UNBALANCE 
(Degrees) 

UB 

MAX 


NN NNANWO NNNN!I 
SCO CO000 C000 
WO AAWHWW NWWNHW 
SCO CO0D00 CO000 

O2aaAk WHABNSL 
of of000 SDOO50D0 


hoe 


PHASE UNBALANCE 
(Degrees) 


MB UB 
MAX MAX 


S29 S9999 9999; 
NN NMNMANMO NOM NP 

SS S9999 99999 
AL LOD WO NWWwWNhHW 


PIN-OUT 


(See 
Below) 


PIN-OUT 


0°: 2-WAY 


DSP-2B1 
DSP-201 
DSP-2A3 
DSP-2A2 = 
DSP-202 


DSP-209 
DSP-222 
DSP-2A6 
DSP-2D4 = 
DSP-212 


DSP-2C4 
DSP-2A5 


LB MB UB LB MB UB LB MB UB MB UB 
(MHz) TYP/MIN TYP/MIN  TYP/MIN MAX MAX MAX MAX MAX 


30/20 Al. 0.6/1.0 
30/20... : ol. 0.7/1.0 
25/20 Al. .5/0.8 0.7/1.0 
30/20 .4/0.7 0.5/1.0 
25/20 .5/0.8 0.7/1.0 


30/20 .4/0.7 0.5/2.0 
22/18 .9/0.8 0.8/1.2 
20/14 .6/0.8 0.6/1.1 


DSP-4B4 
DSP-3C3 
DSP-309 
DSP-302 
DSP-409 


DSP-402 
DSP-4A4 
DSP-4A5 


N3N WNONN 
ooo sao ooo® 
ONN WNWWW 
ooo oOoO000 
QAN ANAARA 
ooo oOo000 
S99 99990 
WNNM WM WNP 
S99 99999 
AWW WWWOHW 


FILAT-PACK 


FREQUENCY 
RANGE 


ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 


(Degrees) (dB) (See 
LB MB UB LB MB UB LB B UB LB MB UB Below) 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX 


PIN-OUT 


25/20 30/20 
25/20 18/15 
30/20 25/20 


DSF-102 
DSF-103 
DSF-109 


Notes: & 75 Ohm Model 
Power Rating(All Models) = 1 watt, max 
For pin location and package outline drawings, see back pages. 


LB = LF to 10 LF 
MB = 10 LF to HF/2 


CASE GROUND 


All Other 
3 


All other 


UB = HF/2 to HF 


MILI a @arl® 
-3U BREE. YU 
—\ AML ANN A 
201 McLean Boulevard » Paterson, New Jersey 07504 + Tel: (973) 881-8800 » Fax: (973) 881-8361 W\CROWAVE CORPORATION 
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108 


COAXIAL CONNECTOR 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE | AMPLITUDE UNBALANCE PIN-OUT 
RANGE (Degrees) (dB Ss 
LB MB UB LB MB UB iB MB B LBs MB UB A os 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX erow) 


0.01-100 .3/0.6 0.3/0.5 0.5/1.0 : : ; : : ; DSK-701* 
0,25-300 41.75 0.4/.75 0.4/1.0 : : ; : F : DSK-7A2B = 
4-500 .4/0.6 0.4/0.7 0.5/1.0 : ‘ : f : : DSK-702* 
1-750 .2/0.5 0.4/0.8 0.8/1.0 ; : ; y 4 : DSK-7E4* 
2-200 .2/0.5 0.3/0.5 0.4/0.5 : ; i d : : DSK-7M2* 


2-1500 8/1.3 0.6/1.2 0.5/1.5 : : : ; : : DSK-703* 
5-400 .2/0.4 0.3/0.5 0.4/0.5 : : : S f : DSK-718* 
5-500 .3/0.5 0.3/0.5 0.4/.65 : : ‘ : : é DSK-717* 
10-1000 .2/0.5 0.5/1.0 0.9/1.2 : ; : : : ; DSK-712* 
10-1000 .2/0.5 0.4/0.7 0.6/0.8 : : ; : : : DSK-709* 


ISOLATION (dB) 


INSERTION LOSS (dB) PIN-OUT 


(See 
Below) 


(dB) 
LB MB UB 


LB MB UB 
TYP/MIN TYP/MIN TYP/MIN 


LB MB UB 
TYP/MAX TYP/MAX TYP/MAX 


25/20 25/20 23/15 0.6/0.9 0.9/1.4 1.2/1.8 2.0 30 5.0 02 0.3 0.4 144 2 DSK-726S 

-/- -/- 30/24 -/- -/- 0.3/1.0 - - 5.0 - - 0.5 164 2 DSK-724S¢? 
800-2200 -l- -/- 22/20 —-/- -/- 0.4/0.5 = - - 2.0 - - 0.4 215 3 DSK-729S? 
1700-2200 -/- -/- 20/18 -/- -/- 0.3/0.4 - - 3.0 - 3 DSK-H1N? 


Power Rating (All Models) = 1 Watt, max 
* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC INPUT OUTPUT CASE GROUND 


75 Ohm Model 
¢ (UB) - Denotes full bandwidth specification 
For pin location and package outline drawings, see back pages. 


LB = LF to 10LF 
MB =10LF to HF/2 
UB = HF/2 to HF 


201 McLean Boulevard + Paterson, New Jersey 07504 - Tel: (973) 881-8800 + Fax: (973) 881-8361 
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PAL Ri le we aarul® 

=U BPE. 

WU TUEEEA ED 
MICROWAVE CORPORATION 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 


PIN-OUT 


RANGE (Degrees) (dB) (See 
LB MB UB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX MAX MAX MAX 


0.01-100 30/20 0.3/0.5 0.5/1.0 : ‘ : 5 

1-100 37/30. 35/30 356/30 0.2/0.5 0.3/0.5 04/05 10 10 1.0 4 DSP-8D1 

1-500 25/20 30/23 30/20 0.4/0.6 0.4/0.7 0.65/10 20 20 3.0 5 DSP-602 _ 
1-500 25/20 30/23 30/20 0.4/0.6 0.4/0.7 0.5/1.0 20 20 2.0 3 DSP-502 

1-500 25/20 0.4/0.7 0.5/1.0 5 DSP-802 


10-1000 


25/20 0.5/0.8 0.6/1.0 DSP-609 


Power Rating (All Models) = 1 Watt, max 
* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC INPUT OUTPUT CASE GROUND 


75 Ohm Model 
¢ (UB) - Denotes full bandwidth specification 
For pin location and package outline drawings, see back pages. 


LB = LF to 10LF 
MB =10LF to HF/2 
UB = HF/2 to HF 


ALA ie a aarl® 

™”2 FU BRM. 

Wt LINERS 
201 McLean Boulevard + Paterson, New Jersey 07504 + Tel: (973) 881-8800 + Fax: (973) 881-8361 MICROWAVE CORPORATION 
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LEADED SURFACE-MOUNT 


2-200 
5-750 
5-750 
720-800 
850-950 


FREQUENCY 
RANGE 


(MHz) 


1700-2200 


ISOLATION (dB) INSERTION LOSS (dB) 


LB MB 


TYP/MIN 


UB 
TYP/MIN 


LB MB UB 
TYP/MAX TYP/MAX TYP/MAX 


0.6/0.8 0.4/0.7 0.7/1.0 
0.6/1.4 0.8/1.6 1.5/1.8 
0.6/1.4 0.8/1.6 1.5/1.8 
=a oo 
ooh Ne 


ISOLATION (dB) INSERTION LOSS (dB) 


LB MB 
TYP/MIN TYP/MIN 


UB 
TYP/MIN 


23/18 


LB MB UB 


~ ee = 


Power Rating (All Models) = 1 Watt, max 


* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC 
75 Ohm Model 


¢ (UB) - Denotes full bandwidth specification 
For pin location and package outline drawings, see back pages. 


LB 
MB 


UB 


= LF to 10 LF 
= 10 LF to HF/2 
= HF/2 to HF 


PHASE UNBALANCE AMPLITUDE UNBALANCE 
(dB) 


MB UB 


PHASE UNBALANCE AMPLITUDE UNBALANCE 
(Degrees) (dB) 
MB LB MB 


LB UB 


MAX 


4 McLean Boulevard « Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: 973) 881-8361 
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PIN-OUT 
(See 
Below) 


SDL-110 
SDL-135 
SDZ-135 
SDL-115¢? 
SDL-1374% 


PIN-OUT 
(See 
Below) 


SPD-C9? 


PIN-OUT TABLE 
CASE GROUND 


2,5 


INPUT OUTPUT 


all others 


CALA Ri le we aarl® 
= BPE. 


WB LEER 
MICROWAVE CORPORATION 


Ss POWER DIVIDERS 
Ee eee «0°: 3- WAY 


THROUGH HOLE MOUNT (8 Pin-Relay Can) 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
PIN-OUT 
RANGE (Degrees) B 


LB MB UB LB MB UB MB UB ae 
(MHz) TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX 


0.01-30 35/30 .25/.45 .15/.45 .45/.75 

1-200 45/27 0.6/1.0 0.4/0.7 0.6/1.0 : : : i : ; 

1-200 35/23 0.6/1.0 0.3/0.7 0.6/1.0 ; : ; : : i DCP-2C2 = 
5-500 25/20 0.4/0.8 0.4/1.4 0.8/1.4 : : i : } DCP-2B3 
10-1000 25/20 0.6/1.0 0.8/1.3 1.2/2.0 ; : ‘ : ; DCP-2B4 


COAXIAL CONNECTOR 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE PIN-OUT 


LB MB UB LB MB UB ec 
(MHz) TYP/MIN TYP/MIN  TYP/MIN | TYP/MAX TYP/MAX TYP/MAX 


0.25/0.5 .35/0.6 .35/0.6 : : . : : : DCK-7K2* 
0.4/0.75 0.5/0.9 0.8/1.2 : : i : : : DCK-7J2* 
0.4/0.75 0.5/1.0 1.0/1.6 : : . : F : DCK-7D3* 
0.5/0.75 0.7/1.0 1.2/2.0 é : : ‘ : ; DCK-703S 


Power Rating (All Models) = 1 Watt, max 
* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC INPUT 
75 Ohm Model 

¢ (UB) - Denotes full bandwidth specification 

For pin location and package outline drawings, see back pages. 


OUTPUT CASE GROUND 


= LF to 10 LF 
= 10 LF to HF/2 


= HF/2 to HF 


ALIBRIS Fa @arusl® 
=U BRE. 
—\ wt LUE 
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Ss POWER DIVIDERS 
ee 0°: 4-WAY 


SURFACE-MOUNT MODELS 129 
FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
PACKAGE (See 
LB MB UB LB MB LB MB Below) 
(MHz) TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX 


1-100 O70 
20-400 Too 
700-900 


1900-2200 
2100-2400 


FREQUENCY ISOLATION (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
(See 
MB LB MB MB UB Below) 
(MHz) TYP/MIN TYP/MAX _TYP/MAX 
0.01-40 35/20 0.3/0.5 0.5/1.0 : ‘ ; DSP-206 
0.1-200 33/20 0.5/.75 0.7/1.0 ; : i DSP-2D2 
0.25-250 33/20 OSES) 07112 ; 4 i DSP-2F2 
1-200 30/20 0.5/0.9 0.7/1.2 : : i DSP-2E2 @ 
1-250 33/20 0.5/.75 0.7/1.2 ; i ; DSP-204 


1-500 25/20 0.8/1.5 1.4/2.2 6 : : ° DSP-207 
10-1000 25/20 1.2/1.9 1.6/2.3 : , : DSP-2E4 & 
1900-2130 ---/— ---/--- 1.8/2.4 6 : DSP-247¢ 


THROUGH HOLE MownrT (TO-8) 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
PACKAGE (See MODEL 
MB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN TYPIMAX TYP/MAX TYP/MAX MAX MAX MAX MAX MAX 


MAX 

35/20 32/25 0.4/0.8 0.3/0.5 0.5/1.0 3 4 DSP-506 
4 
6 


33/20 30/20 0.4/0.7 0.5/.75 0.7/1.2 3 DSP-504 
25/20 27/20 0.6/1.2 0.8/1.5 1.4/2.2 4 DSP-507 


PIN-OUT TABLE 


INPUT OUTPUT CASE GROUND 
Power Rating (All Models) = 1 Watt, max 1,3,4,6 2 
@ 75 Ohm Model 1,3,4,6 All other 
¢ (UB) - Denotes full bandwidth specification re ee 
For pin location and package outline drawings, see back pages. 2,3,4,5 


LF to 10 LF 
10 LF to HF/2 


HF/2 to HF 


Pa NUL NN 2 LG 


-=-37 BBE. 
UE UUMERe GB 
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Ss POWER DIVIDERS 


THROUGH HOLE MOUNT (16 Pin-Header) 


FREQUENCY 
RANGE 


ISOLATION (dB) 


(MHz) TYP/MIN 


30/20 


25/20 
25/20 


COAXIAL CONNECTOR 


FREQUENCY 
RANGE 


ISOLATION (dB) 


LB MB UB 


(MHz) TYP/MIN TYP/MIN TYP/MIN 


Power Rating (All Models) = 1 Watt, max 


INSERTION LOSS (dB) PHASE UNBALANCE 


(Degrees) 


LB MB UB LB MB UB 
TYP/MAX__TYP/MAX _TYP/MAX | MAX MAX MAX 
0.4/0.7 0.7/0.9 1.3/1.6 5.0 
0.5/0.8 0.8/1.8 1.5/2.5 4.0 
0.8/1.5 1.0/2.0 1.5/2.5 4.0 


INSERTION LOSS (dB) PHASE UNBALANCE 


(Degrees) 


LB MB UB LB MB UB 
TYP/MAX__TYP/MAX__TYP/MAX MAX ___ MAX 
0.3/0.5 0.5/1.0 
0.5/0.9 0.7/1.2 
0.5/.75 0.7/1.2 
0.6/1.2 1.0/1.5 
1.0/2.0 1.5/2.5 


0.7/.85 
0.8/1.3 
0.8/1.0 


.85/1.0 
1.0/1.5 
0.8/1.1 


* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC 


@ 75 Ohm Model 


For pin location and package outline drawings, see back pages. 


LF to 10 LF 
10 LF to HF/2 


HF/2 to HF 


(0°: 4-WAY 


AMPLITUDE UNBALANCE 
PIN-OUT 
(See 


LB MB UB Below) 


MAX MAX MAX 


DSP-9E4 = 
DSP-9D4 
DSP-908 


AMPLITUDE UNBALANCE 


(dB) PIN-OUT 
(See 
Below) 


DSK-706* | 


DSK-708* 


DSK-711S 
DSK-713S 
DSK-705S 


PIN-OUT TABLE 


INPUT OUTPUT CASE GROUND 


5,8,9,12 
2,3,4,5 


All other 
All other 


CULAR wa agarl® 


E-Mail: sales@synergym' 


erson, New erse el: 501-5 ax 
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2G BPE. 
Wt INE 
WICROWAVE CORPORATION 


SE POWER DIVIDERS 
en 0°: 5-WAY 


SURFACE MOUNT 


ISOLATION (dB) 


PHASE UNBALANCE 
(Degrees) 


AMPLITUDE UNBALANCE 
(dB) 


INSERTION LOSS (dB) 


LB MB UB LB MB UB LB MB UB LB MB UB 
TYP/MIN TYP/MIN TYP/MIN | TYP/MAX__TYP/MAX__TYP/MAX | MAX MAX MAX MAX MAX MAX 
28/20 30/25 25/20 0.4/0.8 0.3/0.7 0.6/1.0 40 40 4.0 03 0.3 0.3 124S 1 DES-901 


25/20 23/18 20/17 0.2/0.5 0.6/1.0 1.5/2.0 2.0 4.0 8.0 0.2 0.3 0.6 124S 1 DES-9G2 


THROUGH HOLE MounrT(16-Pin) 


ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
(Degrees) (dB) PIN-OUT 
(See 
LB MB LB MB UB LB MB UB LB MB UB Below) 
TYP/MIN _TYP/MIN TYP/MAX TYP/MAX _TYP/MAX MAX MAX MAX MAX MAX MAX 


28/20 30/25 25/20 0.4/0.8 0.3/0.7 0.6/1.0 4.0 40 4.0 0:35) 10:3 0.3 124 DEP-901 
25/20 23/18 20/17 0.2/0.5 0.6/1.0 1.5/2.0 2.0 40 8.0 O22 Os 0.6 124 DEP-9G2 


COAXIAL CONNECTOR 


FREQUENCY 
RANGE 


AMPLITUDE UNBALANCE 
(dB) 


PHASE UNBALANCE 
(Degrees) 


ISOLATION (dB) INSERTION LOSS (dB) 


PIN-OUT 
(See 


LB MB LB MB UB LB MB- UB LB MB UB Below) 
(MHz) TYP/MIN _TYP/MIN TYP/MAX _TYP/MAX _TYP/MAX | MAX MAX MAX MAX MAX MAX 
0.05-30 25/20 30/25 25/20 0.5/0.9 0.3/0.7 0.6/1.0 4.0 40 4.0 03 0.3 0.3 157 3 DEK-701* 


1-300 25/20 23/18 20/17 0.2/0.5 0.6/1.0 1.5/2.0 2.0 4.0 8.0 0:2 70:3 0.6 157 3 DEK-7G2* 


Power Rating (All Models) = 1 Watt, max PIN-OUT TABLE 
* Select female connector suffix: "B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC INPUT OUTPUT CASE GROUND NO CONN. 
For pin location and package outline drawings, see back pages. 


4,8,12,15,16 2,5,13,14 3,9 


4,8,12,15,16 2,5,7,11,13,14 3,6,9,10 
2,3,4,5,6 - 


LF to 10 LF 
1 


0 LF to HF/2 
HF/2 to HF 


201 McLean Boulevard « Paterson, New Jersey 07504 » Tel: (973) 881-8800 + Fax: (973 881-8361 
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EE POWER DIVIDERS 
ee 0° :6-WAY 


SURFACE MOUNT 212 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) 
RANGE 


PHASE UNBALANCE 
(Degrees) 


AMPLITUDE UNBALANCE 
(dB) 


MB LB MB UB 
(MHz) TYP/MIN TYP/MAX _TYP/MAX _TYP/MAX 


LB MB UB 
MAX MAX MAX 


LB MB UB 
MAX MAX MAX 


1-100 30/25 0.7/1.0 0.7/1.2 4 : : . ; 1 DFS-9B1 
1-175 30/24 26/18 26/18 0.5/0.8 0.7/1.0 1.0/1.5 40 60 12 0.2 0.4 0.8 124S 1 DFS-9H2 
5-200 30/25 28/23 25/20 0.4/0.7 0.5/0.8 0.8/1.2 20 30 4.0 0.2 0.3 0.4 124S 1 DFS-902 
5-500 30/20 25/20 25/20 0.5/0.8 0.7/0.8 0.8/1.4 3.0 40 6.0 0.3 0.5 0.7 124S 1 DFS-903 
1600-2200 --/-- --|-- 0.6/0.8 3 DFS-1600¢ 


THROUGH HOLE MOUNT(I6 -Pin) 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
(See 
LB MB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN TYP/MIN TYPIMAX _TYP/MAX _TYP/MAX MAX MAX MAX MAX MAX MAX 


28/25 0.5/0.8 0.7/1.0 0.7/1.2 : , DFP-9B1 
26/18 0.5/0.8 0.7/1.0 1.0/1.5 : i DFP-9H2 
28/23 0.4/0.7 0.5/0.8 0.8/1.2 i : DFP-902 
25/20 0.5/0.8 0.7/0.8 0.8/1.4 i - DFP-903 


COAXIAL CONNECTOR 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
(See 
LB MB UB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN TYP/MIN  TYP/MIN | TYP/MAX TYP/MAX TYP/MAX MAX MAX MAX MAX MAX MAX 


5-200 30/25 28/23 25/20 0.4/0.7 0.5/0.8 0.8/1.2 2.0 30 40 02 03 04 DFK-702S 
5-500 26/23 30/23 25/20 0.4/0.7 0.6/0.9 1.2/1.6 2.0 40 70 02 03 04 DFK-703S 
BOO N00 ree Fe em eh Le oY) Wi Ket : 0.8 DFK-764S¢? 


Power Rating (All Models) = 1 Watt, max PIN-OUT TABLE 
(UB) - Denotes full bandwidth specification é 
For pin location and package outline drawings, see back pages. QUTPUT CASE GROUND | NOT USED 


= LF to 10 LF 
= 10 LF to HF/2 
= HF/2 to HF 


Mii wa ars® 
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3,4,8,12,15,16 2, 5,9,13,14 
3,4,8,12,15,16 2,5,7,11,13,14 
2,3,4,5,6,7 All others 


LB 
M 


B 
UB 
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SURFACE MOUNT 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) 


RANGE 


MB LB MB 
(MHz) TYP/MIN TYP/MAX _TYP/MAX 


0.01-10 0.5/1.0 
0,01-30 0.7/0.9 
0.5-175 0.8/1.2 
1-200 0.8/1.2 
1-500 1.8/2.0 


THROUGH HOLE MounrT(16 - Pin) 


UB 
TYP/MAX 


0.6/1.1 
0.8/1.0 
1.0/1.6 
1.0/1.5 
1.8/2.7 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) 


RANGE 


LB MB LB MB 


UB 


(MHz) TYP/MIN _TYP/MIN TYPIMAX _TYP/MAX _ TYP/MAX 


0.01-10 40/25 0.5/1.0 
0.01-30 30/25 0.7/0.9 
0.5-175 30/20 0.8/1.2 
1-200 30/20 0.8/1.2 
1-500 30/20 1.8/2.0 


COAXIAL CONNECTOR 


0.6/1.1 
0.8/1.0 
1.0/1.6 
1.0/1.5 
1.8/2.7 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) 


RANGE 


MB LB MB 


UB 


(MHz) TYP/MIN TYP/MAX TYP/MAX TYP/MAX 


33/20 0.7/0.9 
30/25 0.8/1.2 
25/20 1.8/2.0 
30/20 0.5/0.9 
23/20 1.6/2.1 


Power Rating (All Models) = 1 Watt, max 

* Select female connector suffix: 

"B" = BNC, "S" = SMA, "N" = Type N, "T" = TNC 

gw 75 Ohm Model 

For pin location and package outline drawings, see back pages. 


0.8/1.0 
1.0/1.5 
1.8/2.7 
0.7/1.2 
2.5/2.8 


~ Oe 


Y 
GE 
DSS-9C1 


& 
PHASE UNBALANCE AMPLITUDE UNBALANCE 
(Degrees) (dB) PIN-OUT 
PACKA (See 
LB MB UB LB MB UB Below) 
MAX MAX MAX MAX MAX MAX 
DSS-914 


1.0 

1.5 i ; } : 

1.0 : : : ; DSS-9L2 
1.5 DSS-915 
3.0 DSS-916 


PHASE UNBALANCE AMPLITUDE UNBALANCE 


(Degrees) (dB) PIN-OUT 
PACKAGE (See 
MB UB LB MB UB Below) 
MAX MAX MAX 


DSP-9C1 
DSP-914 
DSP-9L2 
DSP-915 
DSP-916 


170 


PHASE UNBALANCE AMPLITUDE UNBALANCE 


(Degrees) (dB) PIN-OUT 
(See 

LB MB UB LB MB UB Below) 

MAX MAX MAX MAX MAX MAX 
DSK-714* 
DSK-715* 
DSK-716* 
DSK-773Ba 
DSK-810S 


PIN-OUT TABLE 
OUTPUT CASE GROUND NOT USED 
1.4,5,8,9,12,13,16 3, 14,15 


1,4,5,8,9,12,13,16 3,6,7,14,15 10,11 
1.4,5,8,9,12,13,16 All Other - 
2,3,4,5,6,7,8,9 - 
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Es POWER DIVIDERS 
ee =0°: 10-WAY 


THROUGH HOLE MOUNT (16 -Pin) 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) 
MODEL 
LB MB UB LB MB UB LB MB UB LB MB UB 
(MHz) TYP/MIN _TYP/MIN __TYP/MIN_| TYP/MAX TYP/MAX _TYP/MAX MAX MAX MAX MAX MAX MAX 


1-150 36/23 27/23 23/18 0.3/0.6 0.4/0.8 1.0/1.3 1 : DXP-9A2 


COAXIAL CONNECTOR 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE AMPLITUDE UNBALANCE 
RANGE (Degrees) (dB) PIN-OUT 
(See 
LB MB UB LB MB UB LB MB UB LB MB UB Below) 
(MHz) TYP/MIN_TYP/MIN _TYP/MIN | TYP/MAX TYP/MAX TYP/MAX | MAX MAX MAX MAX MAX MAX 


25/20 32/23 25/18 0.8/1.3 0.9/1.2 1.2/1.6 4.0 6.0 8.0 (0 en OKs) 0.8 DXK-772Ba 
25/20 32/25 25/20 0.7/1.2 0.9/1.1 1.2/1.5 4.0 6.0 8.0 05 06 0.8 DXK-702B 


Power Rating (All Models) = 1 Watt, max PIN-OUT TABLE 


@ 75 Ohm Model INPUT OUTPUTS CASE GROUND 
For pin location and package outline drawings, see back pages. 


2,3,4,8,9,12,13,14,15,16 5,6,7,10,11 
2,3,4,5,6,7,8,9,10,11 : 


LB = LF to 10LF 
MB = 10LF to HF/2 


UB = HF/2 to HF 


ALARA we earusl® 
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SE POWER DIVIDERS 
es 0°: 12-WwAy 


THROUGH HOLE MouNnNrT(I6 - Pin) 


FREQUENCY 
RANGE 


ISOLATION (dB) PHASE UNBALANCE 


(Degrees) 


AMPLITUDE UNBALANCE 
(dB) 


INSERTION LOSS (dB) 


LB MB UB LB 


TYP/MIN _TYP/MIN _TYP/MIN 
25/20 33/20 34/20 0.4/0.8 0.4/0.8 0.6/1.0 


LB MB UB MB UB LB MB UB 


MAX MAX MAX 
04 0.4 0.6 


(MHz) 
2-100 


Pay “Pay 0 DLP-901 


COAXIAL CONNECTOR 


FREQUENCY ISOLATION (dB) INSERTION LOSS (dB) PHASE UNBALANCE | AMPLITUDE UNBALANCE 
RANGE (Degrees) dB PIN-OUT 
(See 
MB MB Below) 
(MHz) 
1.0/1.3 0.9/1.2 1.6/2.0 : . ; : DLK-712S 
0.7/1.2 0.9/1.1 1.2/1.5 ; : , i : DLK-702B 
0.8/1.3 0.9/1.2 1.2/1.6 : ; : ; E DLK-772B = 
--|---  ---/--- 3.0/4.0 . : DLK-7L4S¢ 
Power Rating (All Models) = 1 Watt, max PIN-OUT TABLE 
875 Ohm Model INPUT OUTPUTS CASE GROUND 


¢ (UB) - Denotes full bandwidth specification 
For pin location and package outline drawings, see back pages. 


= LF to 10 LF 
MB =10LF to HF/2 
= HF/2 to HF 


1,2,3,4,5,8,9,12,13,14,15,16  7,10,11 
2,3,4,5,6,7,8,9,10,11,12,13 
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FREQUENCY RANGE IMPEDANCE LO POWER | RF POWER | PHASE | PHASE DC OUTPUT DC OFFSET PIN-OUT 
(MHz) (Ohm) LEVEL LEVEL ERROR | RANGE (mV p-p) (mV) a 
ee 


LO/RF LO/RF OUTPUT (dBm) (dBm) 7 TYP/MAX Below) 


10-20 PCS-901 
20-40 PCS-902 
55-90 PCS-904 
80-160 PCS-908 
100-200 PCS-910 


160-320 PCS-916 
225-400 1.0/4.0 PCS-922 
300-500 2.0/5.0 PCS-930 
400-600 2.0/6.0 PCS-940 
700-900 2.0/8.0 PCS-970 


800-1000 3.0/10.0 PCS-980 


THROUGH HOLE MODELS 


FREQUENCY RANGE 
(MHz) 


DC OUTPUT DC OFFSET PIN-OUT 
(mV p-p) (mV) 


IMPEDANCE LO POWER RF POWER PHASE | PHASE 
(Ohm) LEVEL LEVEL ERROR | RANGE 


(See 
OUTPUT (dBm) k TYP/MAX Below) 


LO/RF 


0 0.3/1.0 2 PCP-901 
20-40 50 500 +10 0 +/-2° 360° 300 0.4/1.0 136 2 PCP-902 
55-90 50 500 +10 0 +/-2° 360° 300 0.5/2.0 136 Z PCP-904 
80-160 50 500 +10 0 $1230: 360° 300 1.0/2.0 136 2 PCP-908 
0 1.0/3.0 2 PCP-910 


160-320 0 1.0/3.0 2 PCP-916 
225-400 50 500 +10 0 +/-4° 360° 300 1.0/4.0 136 2 PCP-922 
300-500 50 500 +10 0 +/-4° 360° 300 2.0/5.0 136 2 PCP-930 
400-600 50 500 +10 0 +/-5° = 360° 300 2.0/6.0 136 2 PCP-940 
700-900 50 500 +10 0 +/-5° 360° 300 2.0/8.0 136 2 PCP-970 


800-1000 50 500 +10 0 +/-5° 360° 300 3.0/10.0 136 


NO 


PCP-980 


NOTE: 
1. Output polarity is negative on all models. 
2. Maximum RF input power, 100 mW. Peak IF current, 40mA. 


COSINE CASE GND 


4 All Other 
3 All Other 


For pin location and package outline drawings, see back pages. 
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ae PHASE 
Ss =~ COMPARATORS 


FLAT PACK MODELS 


IMPEDANCE LO POWER | RF POWER | PHASE DC OUTPUT DC OFFSET PIN-OUT 
(Ohm) LEVEL LEVEL ERROR (mV p-p) (mV) 


(See 
LO/RF OUTPUT (dBm) (dBm) b TYP/MAX Below) 


10-20 0.3/1.0 
20-40 0.4/1.0 
55-90 0.5/2.0 
80-160 1.0/2.0 
100-200 1.0/3.0 PCF-110 


160-320 1.0/3.0 PCF-116 
225-400 1.0/4.0 PCF-122 
300-500 2.0/5.0 PCF-130 
400-600 2.0/6.0 PCF-140 
700-900 2.0/8.0 PCF-170 


800-1000 3.0/10.0 PCF-180 


FREQUENCY RANGE IMPEDANCE LO POWER RF POWER | PHASE | PHASE DC OUTPUT DC OFFSET PIN-OUT 


(MHz) (Ohm) LEVEL LEVEL. ERROR | RANGE (mV p-p) (mV) s 
ee 


LO/RF LO/RF OUTPUT (dBm) (dBm) MAX NOM. TYP/MAX Below) 


10-20 0.3/1.0 PCK-701S 
20-40 0.4/1.0 PCK-702S 
55-90 0.5/2.0 PCK-704S 
80-160 1.0/3.0 PCK-708S 
100-200 1.0/3.0 PCK-710S 


160-320 1.0/4.0 PCK-716S 
2.0/5.0 PCK-722S 
2.0/6.0 PCK-730S 
2.0/6.0 PCK-740S 
2.0/8.0 PCK-770S 


3.0/10.0 PCK-780S 


NOTE: 
1. Output polarity is negative on all models. COSINE CASE GND 
2. Maximum RF input power, 200 mW. Peak IF current, 40mA. 


3 All Other 
a All Other 


For pin location and package outline drawings, see back pages. 
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SURFACE=~MOUNT 


IMPEDANCE 
(Ohm) 


DC OUTPUT DC OFFSET 
(mV) 


TYP/MIN 


FREQUENCY RANGE 
(MHz) 


ISOLATION (dB) 
LO/RF 


LO/RF OUTPUT MIN 


1-100 DC-50 50 500 +7 40 1000/750 0.2/1.0 134S 1 PDZ-K1 
10-200 DC-50 50 500 aif 40 1000/750 0.3/1.0 134S 1 PDZ-K2 


OUTPUT LO/RF 


THROUGH HOLE MOUNT 
MINI 8 Pin - RELAY CAN 


FREQUENCY RANGE IMPEDANCE ISOLATION (dB) DC OUTPUT DC OFFSET PIN-OUT 
(MHz) (Ohm) (mv) (mV) 


(See 
LO/RF OUTPUT LO/RF OUTPUT TYP/MIN TYP/MAX Below) 


DC-50 50 1000/750 0.2/1.0 PDP-403 
DC-50 1000/750 0.3/1.0 PDP-402 
DC-50 600/500 0.5/1.0 PDP-413 


8 PIN- RELAY CAN 


FREQUENCY RANGE 
(MHz) 


DC OFFSET PIN-OUT 
m 
(mV) ie 


TYP/MAX Below) 


IMPEDANCE 
(Ohm) 


ISOLATION (dB) 
LO/RF 


DC OUTPUT 
(mV) 


TYP/MIN 


LO/RF OUTPUT LO/RF OUTPUT MIN 


1-100 DC-50 50 500 atl 40 1000/750 0.2/1.0 
5-150 DC-50 50 1000/750 0.3/1.0 


PDP-201 
PDP-202 


NOTE: 


1. Output polarity is negative on all models. 


2. Maximum RF input power, 100 mW. Peak IF current, 40mA. DC OUTPUT | (GRO eee 


5 2,3,6 
*3,4 2,5,6,7 


*Pins must be connected together externally. 
For pin location and package outline drawings, see back pages. 
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a PHASE 
SHIFTERS 


THROUGH HOLE MODELS 


INPUT INSERTION PHASE SHIFT CONTROL CONTROL 
FREQUENCY LOSS (dB) RANGE VOLTAGE BANDWIDTH PIN-OUT 
(Degrees) (KHz) (See 
Below) 
MIN 


5.7 -6.3 
10-20 
19 - 21 
20 - 40 
24 - 48 
28.5 - 31.5 


35 - 60 
38 - 42 
40 - 80 
47.5 - 52.5 
57 - 63 
66.5 - 73.5 


80 - 160 
100 - 200 
106.5 - 119.5 
133 - 147 
152 - 168 
870 - 900 


0 to 180 0 to +30 
0 to 180 0 to +24 
0 to 180 0 to +30 
0 to 180 0 to +15 
0 to 180 0 to +30 
0 to 180 0 to +30 


— 
= 
= 


PP-900 
PP-921 
PP-909 
PP-924 
PP-925 
PP-901 


= 32h = fh = 
—= |= Dh - = 
_ SS 


MAVYVNAG HHYNHANDA NHNAGNON 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +24 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 50 0 to +10 


PP-926 
PP-920 
PP-927 
PP-908 
PP-902 
PP-904 


PP-922 
PP-923 
PP-905 
PP-906 
PP-907 
PP-919 


—_t ot ott 1 = _ = —- = = — 
NO |] = = HP = = —% ND = A 
SCaNMCO UAMUMCHMO Booman: 
So == eS es Pa SUNS) aS 
NNNNNN ONNYNONN NHNONGY 
—_ = — — = — _i = = oc = — 


INPUT PHASE SHIFT CONTROL CONTROL 
FREQUENCY RANGE VOLTAGE BANDWIDTH PIN-OUT 
(Degrees) (KHz) (See 
Below) 


z 


TYP MAX MIN MIN 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


28.5 - 31.5 
38 - 42 
57 - 63 

66.5 - 73.5 


80 - 160 
100 - 200 
106.5 - 119.5 
133 - 147 
152 - 168 


_t ot ah od = 
et ot at ah = 
-_ = = = = 
SNAWNN NANNY 
et ah at ah a= 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


NNNAG HNYNNH 
AAASCSO ANHAY 
NRNNNNN NNNNND 


= SS ek SSN 
—_— — AIA 
SS a SS 
SSS SS SSeS 


Note: Nominal impedance is 50 Ohms. 
INPUT OUTPUT CONTROL CASE GROUND 


1) 4 All Other 
1,8 All Other 


For pin location and package outline drawings, see back pages. 
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PHASE 
SHIFTERS 


SURFACE-MOUNT MODELS 


INPUT INSERTION PHASE SHIFT CONTROL CONTROL 
FREQUENCY LOSS (dB) RANGE VOLTAGE BANDWIDTH PIN-OUT 
(Degrees) (KHz) (See 
Below) 


z 


TYP MAX MIN MIN 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


PS-909 
PS-901 
PS-920 
PS-902 
PS-904 


19 - 21 
28.5 - 31.5 
38 - 42 
57 - 63 
66.5 - 73.5 


eS a ee ee 
ah anh ach ah oh 
at ott ott ot = 
NANA NANNY 
at att oh = 


PS-922 
PS-923 
PS-905 
PS-906 
PS-907 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


80 - 160 
100 - 200 
106.5 - 119.5 
133 - 147 
152 - 168 


— — — —. —2 
NNMNaAM NWNMNMNh 
— — — A) AOD 
Anneoo ADGQuauan 
am oh ok ooh eh 
ok ek ak ak ah. 


INPUT INSERTION PHASE SHIFT CONTROL CONTROL 
FREQUENCY LOSS (dB) RANGE VOLTAGE BANDWIDTH PIN-OUT 
(Degrees) (KHz) (See 
Below) 
TYP MAX MIN MIN 


PK-710* 
PK-711* 
PK-709* 
PK-701* 


PK-712* 
PK-720* 
PK-702* 
PK-704* 
PK-722* 


2.375 - 2.675 
4.75 - 5.25 
19 - 21 

28.5 - 31.5 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


Sy yey pats 
-—--NND 
ae et Ba 
sy 


OQaANNYNYA BGNNNH NNN 


35 - 70 

38 - 42 

57 - 63 
66.5 - 73.5 
80 - 160 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


ae Se SS are ee 
oes ek eek sah ok 

ONNNNYN NNANN NNOM 
5 a See Ye ee ee 


PK-723* 
PK-705* 
PK-706* 
PK-707* 
PK-714* 
PK-715* 


100 - 200 
106.5 - 119.5 
133 - 147 
152 - 168 
190 - 210 
500 


0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 
0 to 180 0 to +30 


SCOUNMNMO OCOMMNMS UMoo 
NMNNNNNMY NNNNN NNN 


NO Bh @ = |= PO NO | = = PO 
Sy Sh Sees See 


=_ — o2 = 2 
SR ee 


*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC. 
Note: Nominal impedance is 50 Ohms. INPUT CONTROL CASE GND 


1 4 All Other 
2 


For pin location and package outline drawings, see back pages. 
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SE 90° HYBRIDS 


LEADLESS SURFACE MOUNT 


FREQUENCY INSERTION AMPLITUDE PHASE ISOLATION 
RANGE LOSS UNBALANCE UNBALANCE (dB) 
(dB) (dB) (Degrees) PIN-OUT 
(See Below) 
(MHz) TYP/MAX TYP/MAX TYP/MAX TYP/MIN 
0.5-1 0.3/0.6 0.4/0.75 ats SMQ-C31 
7-14 0.3/0.6 0.4/0.75 eal SMQ-CB1 
7-21 0.3/0.6 0.6/1.0 Te 2e SMQ-C08 
10 - 20 0.3/0.6 0.4/0.75 004 1 SMQ-C06 
10.2-11.2 0.1/0.3 0.5/0.8 Aa 2 SMQ-C51 
14-42 0.3/0.6 0.4/0.75 ett 1 SMQ-C09 
19-21 0.2/0.3 0.5/0.8 ne a 2 SMQ-C57 
20 - 40 0.3/0.6 0.4/0.75 1124 1 SMQ-C01 
20.3 - 22.5 0.2/0.3 0.5/0.8 NAGA 2 SMQ-C52 
28.5 - 31.5 0.2/0.3 0.5/0.8 14:4 2 SMQ-C53 
38 - 42 0.2/0.3 0.5/0.8 fees 2, SMQ-C58 
40 - 80 0.3/0.6 0.4/0.75 ede 1 SMQ-C02 
50 - 100 0.3/0.6 0.4/0.75 1.1:1 1 SMQ-C10 
52 - 88 0.3/0.6 0.2/0.6 tts 1 SMQ-C20 
55 - 90 0.3/0.7 0.6/1.2 dea 1 SMQ-C23 
57 - 63 0.2/0.3 0.5/0.8 ela ie SMQ-C54 
60 - 80 0.2/0.6 0.2/0.6 edad 1 SMQ-C22 
66.5 - 73.5 0.2/0.3 0.5/0.8 Hae 2 SMQ-C56 
76 - 84 0.2/0.3 0.5/0.8 et 2 SMQ-C61 
80 - 160 0.4/0.75 0.5/1.0 doit 1 SMQ-C03 
95 - 105 0.2/0.3 0.2/0.6 a Ye a 2 SMQ-C62 
100 - 200 0.4/0.75 0.5/1.0 AVA | SMQ-C04 
100 - 230 0.4/0.7 0.8/1.2 jue tn | 4 SMQ-C11 
104 - 176 0.3/0.6 0.2/0.6 1s | 1 SMQ-C21 
114 - 126 0.2/0.3 0.5/0.8 EAs 2 SMQ-C66 
133 - 147 0.2/0.3 0.5/0.8 1 2 SMQ-C63 
150 - 300 0.4/0.75 0.5/1.0 1.3:1 1 SMQ-C05 
190 - 210 0.2/0.4 0.5/0.8 2st 2 SMQ-C64 
200 - 400 0.4/0.75 1.0/1.5 eon 1 SMQ-C07 
285 - 315 0.2/0.4 0.5/0.8 Aen 2 SMQ-C65 
350 - 450 0.5/0.8 0.6/1.0 al 1 SMQ-C13 
428 - 473 0.2/0.4 0.5/0.9 oa 2 SMQ-C67 
475 - 525 0.2/0.4 0.5/0.9 qeSin 2 SMQ-C74 
570 - 630 0.2/0.3 0.5/0.7 P| 2 SMQ-C68 
Power Rating: 1 Watt, max. PIN-OUT TABLE 
All specifications assume 50 ohms impedance of alll ports INPUT | +90° OUTPUT =: 0* OUTPUT ~—«ISOLATED* +GROUND** NO CONN. 


For pin location and package outline drawings, see back pages. 


2 6 7,8,9,10 3,4 
3 4 7,8,9,10 2,5 


*Terminate isolated port with 50 ohms externally 
**GROUND = Ground externally 


PaN VANE Cs Ie) 
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Ps 90° HYBRIDS 


LEADED SURFACE- MOUNT 


FREQUENCY INSERTION AMPLITUDE PHASE ISOLATION 
RANGE LOSS UNBALANCE UNBALANCE (dB) 
(dB) (dB) (Degrees) 


(MHz) TYP/MAX TYP/MAX TYP/MAX TYP/MIN 


5.5-16.5 0.8/1.0 
10.2-11.2 0.5/0.8 
19 - 21 0.5/0.8 
20 - 40 0.4/0.75 
20 - 60 0.8/1.0 
20.3 - 22.5 0.5/0.8 


25 - 50 0.4/0.75 
28.5 - 31.5 0.5/0.8 
30 - 60 0.4/0.75 
30 - 90 0.8/1.2 
38 - 42 0.5/0.8 
40 - 80 0.4/0.75 


40 - 120 0.8/1.2 
50 - 100 0.5/1.0 
57 - 63 .2/0. 0.5/0.8 
60 - 120 4/0. 0.5/1.0 
66.5 - 73.5 .2/0. 0.5/0.8 
70 - 140 1 


SLQ-301 
SLQ-51 
SLQ-57 
SLQ-K01 
SLQ-302 
SLQ-52 


SLQ-KF1 
SLQ-53 
SLQ-KH1 
SLQ-303 
SLQ-58 
SLQ-K02 


SLQ-305 
SLQ-K20 
SLQ-54 
SLQ-KA2 
SLQ-56 
SLQ-KA3 


SLQ-61 
SLO-KA4 
SLQ-304 
SLQ-62 
SLQ-K04 
SLQ-310 


SLQ-66 
SLQ-63 
SLQ-K05 
SLQ-64 
SLQ-K07 
SLQ-330 


SLQ-K08 
SLQ-65 
SLQ-K09 
SLQ-67 
SLQ-K10 
SLQ-78 — 
SLQ-68 


SLQ-69 
SLQ-70 
SLQ-71 
SLQ-72 
SLQ-73 
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114 - 126 
133 - 147 
150 - 300 
190 - 210 
225 - 400 
240-720 


250 - 500 
285 - 315 
300 - 600 
428 - 473 
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779 - 861 
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1420 - 1570 
1496 - 1654 
1748 - 1932 
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Power Rating: 1 Watt, max. : PIN-OUT TABLE 
All specifications assume 50 ohms impedance of all ports 


For pin location and package outline drawings, see back pages. ed Cee QUIECE o OUTE OLA TED a GROUND™ 


6 1 2 5 3,4 


*Terminate isolated port with 50 ohms externally 
**GROUND = Ground externally 


ALAR wa aarusl® 
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90° HYBRIDS 


WIDEBAND SURFACE- MOUNT (8 Pin-Relay Header) 


INSERTION AMPLITUDE PHASE ISOLATION 
LOSS UNBALANCE UNBALANCE (dB) 
(dB) (Degrees) 
TYP/MIN 
.0/1. 9/1. .0/3. 1.331 DQS-3-32 
.0/1. .9/1. .0/3. 1.3:1 DQS-5-50 
8/1. .5/0. .9/3. 1.3:1 DQS-10-50 
.0/1. 9/1. .0/3. 1.331 DQS-10-100 
ii. 9/1. 5/4. eS DQS-15-150 
0.8/1.0 .5/0.8 1.5/3.0 Tesi DQS-20-100 
1.3/1.8 .9/1.2 2.5/4.0 1.3:1 DQS-20-200 
1.5/2.0 (911.2 2.5/4.0 1341 DQS-25-250 
0.8/1.0 .5/0.9 1.5/3.0 1.371 DQS-30-150 
1.5/2.0 .0/1.4 3.0/5.0 1.334 DQS-30-300 
0.9/1.0 .5/1.0 2.0/4.0 1.351 DQS-40-200 
1.7/2.2 .0/1.5 3.0/5.0 1.301 DQS-40-400 
0.9/1.0 1.0 2.0/4.0 1.3:1 DQS-45-450 
0.9/1.0 1.0 2.0/4.0 Aish DQS-50-250 
1.7/2.2 1.5 3.0/5.0 1.351 DQS-50-500 
0.9/1.0 1.0 2.0/4.0 1.351 DQS-60-300 
ile is) er 2.5/5.0 1.4:1 DQS-70-350 
1.2/1.5 1.25 3.0/5.0 1.4:1 DQS-80-400 
el 5 3.0/5.0 1.4: DQS-90-450 
eto. 3.0/5.0 1.4:1 DQS-100-500 
Power Rating: 1 Watt, max. PIN-OUT TABLE 
All specifications assume 50 ohms impedance of all ports INPUT +90° OUTPUT 0° OUTPUT ISOLATED* GROUND** 
*Terminate isolated port with 50 ohms externally 
**GROUND = Ground externally 1 8 tf 2 3,4,5,6 


For pin location and package outline drawings, see back pages. 
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es 90° HYBRIDS 


WIDE BANDWIDTH 
THROUGH HOLE MOUNT 


INSERTION AMPLITUDE PHASE ISOLATION 
Loss UNBALANCE UNBALANCE (dB) PIN-OUT 


(dB) (dB) (Degrees) (See Below) 
TYP/MAX TYP/MAX TYP/MIN 


FREQUENCY 
RANGE 


(MHz) 


2-32 0.8/1.0 1.0/3.0 23/20 eas 151 4 DQP-2-16 
2-250 1.8/2.0 4.0/6.0 18/15 2a 151 4 DQP-2-125 
3-23 0.6/1.0 1.5/2.0 25/20 1.3:1 102 3 DQP-2E2 
3-32 1.0/1.5 2.0/3.0 25/20 1.3:1 102 3 DQP-3-32 
5-50 1.0/1.5 2.0/3.0 25/20 1.321 102 3 DQP-5-50 
5.5-16.5 0.3/0.5 1.0/3.0 23/20 1.3:1 102 2 DQP-301 
10-20 0.3/0.6 1.0/3.0 25/20 vated 102 1 DQP-206 
10-50 0.8/1.0 1.5/3.0 30/20 1.3:1 102 3 DQP-10-50 
10-100 1.0/1.5 2.0/3.0 25/20 1.3:1 102 3 DQP-10-100 
15-150 1.2/1.7 2.5/4.0 25/17 1.3:1 102 3 DQP-15-150 
20-40 0.3/0.6 1.0/3.0 25/20 Pact 102 1 DQP-201 
20-60 0.3/0.5 1.0/3.0 23/20 1.3:1 102 2 DQP-302 
20-100 0.8/1.0 1.5/3.0 30/20 1.3:1 102 3 DQP-20-100 
20-200 1.3/1.8 2.5/4.0 25/17 1.3:1 102 3 DQP-20-200 
20-400 2.4/3.0 6.0/10 18/15 LTA 151 4 DQP-2-200 
25-50 0.3/0.7 1.0/3.0 30/20 1.1:1 102 1 DQP-2F1 
25-250 1.5/2.0 2.5/4.0 25/17 1.331 102 3 DQP-25-250 
30-90 0.3/0.6 0.8/1.0 1.0/3.0 23/20 1.3:1 102 2 DQP-303 
30-150 0.8/1.0 0.5/1.0 1.5/3.0 30/20 Uns 102 3 DQP-30-150 
30-300 1.5/2.0 1.0/1.4 3.0/5.0 25/16 1.3:1 102 3 DQP-30-300 
40-70 0.3/0.7 0.4/1.5 1.0/3.0 30/20 qetsA 102 1 DQP-2H1 
40-80 0.3/0.6 0.4/0.75 1.0/3.0 25/20 ifs! 102 1 DQP-202 
40-120 0.3/0.6 0.8/1.2 2.0/4.0 23/17 1.4:1 102 2 DQP-305 
40-200 0.9/1.0 0.5/1.0 2.0/4.0 30/18 1lesEH 102 3 DQP-40-400 
45-450 12.2 1.0/1.4 3.0/5.0 25/15 1.3:1 102 3 DQP-45-450 
50-250 0.9/1.0 0.5/0.8 2.0/4.0 30/18 1.3:1 102 3 DQP-50-250 
50-500 1.7/2.2 1.0/1.4 3.0/5.0 23/13 1331 102 3 DQP-50-500 
52-88 0.3/0.6 0.2/0.5 1.0/2.5 25/20 144 102 1 DQP-220 
55-90 0.3/0.7 0.6/1.2 1.0/3.0 30/20 1.2:1 102 1 DQP-223 
60-80 0.2/0.6 0.2/0.45 1.0/2.5 30/20 1.1:1 102 1 DQP-222 
60-300 0.9/1.0 0.6/0.8 2.0/4.0 30/18 1.3:1 102 3 DQP-60-300 
70-350 1.1/1.5 0.6/1.0 2.5/5.0 28/16 3:4 102 3 DQP-70-350 
80-120 0.3/0.7 0.7/1.5 1.0/3.0 25/18 qetst 102 1 DQP-2A2 
80-160 0.4/0.75 0.5/1.0 1.0/3.0 25/20 UaLEL 102 1 DQP-203 
90-270 0.4/0.7 0.8/1.2 2.0/4.0 23/17 1.5:1 102 2 DQP-304 
90-450 1.2/1.5 0.7/1.0 3.0/5.0 23/16 1.3:1 102 3 DQP-90-450 
100-200 0.4/0.75 0.5/1.0 1.0/3.0 25/20 (ale 102 1 DQP-204 
100-500 1.2/1.5 0.8/1.0 3.0/5.0 25/16 1.3:1 102 3 DQP-100-500 
104-176 0.3/0.6 0.2/0.6 1.0/2.5 25/20 1.49 102 1 DQP-221 
115-345 0.5/0.8 0.8/1.4 2.0/4.0 20/17 1.531 102 2 DQP-310 
150-300 0.4/0.75 0.5/1.0 1.0/3.0 25/20 a0 102 1 DQP-205 
225-400 0.5/0.8 1.0/1.5 2.0/4.0 22/17 1.251 102 1 DQP-207 
240-720 0.7/1.0 1.2/1.6 3.0/5.0 20/15 1.5:1 102 2 DQP-330 


Power Rating: 1 Watt, max. 
All specifications assume 50 ohm impedance of all ports 
For pin location and package outline drawings, see back pages. 


INPUT +90° OUTPUT 0° OUTPUT ISOLATED* GROUND** 


CALs Ri we we aark® 


*Terminate isolated port with 50 ohms externally =U REE. U 
**GROUND = Ground externally a wD U LUREEOR E 
WW 
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ees 90° HYBRIDS 


OPTIMIZED BANDWIDTH 
MINIATURE LEADLESS SURFACE-MOUNT 


FREQUENCY INSERTION AMPLITUDE PHASE ISOLATION 
RANGE LOSS UNBALANCE UNBALANCE (dB) PIN-OUT 
(dB) (Degrees) (See Below) 
(MHz) TYP/MAX TYP/MAX TYP/MIN 


10.2-11.2 
19-21 

20.4 -22.4 

28.5 -31.5 
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ee ie te 1 
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PHASE ISOLATION 
UNBALANCE (dB) PIN-OUT 
(Degrees) (See Below) 
TYP/MAX TYP/MIN 


DQP-2A1 
DQP-2B1 
DQP-251 
DQP-2C1 
DQP-257 
DQP-2E1 


DQP-252 
DQP-254 
DQP-256 
DQP-261 
DQP-262 


DQP-266 
DQP-263 
DQP-264 
DQP-265 
DQP-267 


1.13-1.38 
9-11 

10.2-11.2 
16-19 


19-21 
20-23 


20.4 -22.4 
 BT83 
66.5 -73.5 
76-84. 
95-105 
114-126 
133-147 
190-210 


285-315 
427.5-477.5 
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Power Rating: 1 Watt, max. PIN-OUT TABLE 
All specifications assume 50 ohms impedance of all ports INPUT +90° OUTPUT 0° OUTPUT ISOLATED* GROUND** 
For pin location and package outline drawings, see back pages. 5 34 


3,4,7,8 


*Terminate isolated port with 50 ohms externally 
**GROUND = Ground externally 
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es 90° HYBRIDS 


FYLAT-PACK 


FREQUENCY INSERTION AMPLITUDE PHASE ISOLATION 
RANGE LOSS UNBALANCE UNBALANCE (dB) PIN-OUT 
(dB) (dB) (Degrees) (See Below) 


(MHz) TYP/MAX TYP/MAX TYP/MAX 


5.5-16.5 0.3/0.5 0.8/1.0 DQF-301 
7-14 0.3/0.6 0.4/0.75 sf: DQF-1B1 
10-20 0.3/0.6 0.4/0.75 sills DQF-106 
10.2 -11.2 0.2.0.3 0.5-0.7 aafe DQF-151 
19-21 0.2.0.3 0.5-0.7 ae DQF-157 


20-40 0.3/0.6 0.4/0.75 ae — DQF-101, 
20-60 0.3/0.5 0.8/1.0 3: DQF-302 
20.33-22.47 0.2.0.3 0.5-0.7 ae DQF-152 
28.5-31.5 0.2/0.3 0.5/0.7 A: DQF-153 
30-90 0.3/0.6 0.8/1.0 3: DQF-303 


38-42 0.2/0.3 0.5/0.7 lke DQF-158 
40-80 0.3/0.6 0.4/0.75 Sle DQF-102 
40-120 0.3/0.6 0.8/1.2 A: DQF-305 
52-88 0.3/0.6 0.2/0.5 at DQF-120 
55-90 0.3/0.7 0.6/1.2 a2: DQF-123 


57-63 0.2/0.3 0.5/0.7 at DQF-154 
60-80 0.2/0.6 0.2/0.45 aa DQF-122 
66.5-73.5 0.2/0.3 0.5/0.7 ae DQF-156 
76-84 0.2/0.3 0.5/0.7 ae DQF-161 
80-160 0.4/0.75 0.5/1.0 aR DQF-103 


90-270 0.4/0.7 0.8/1.2 0: DQF-304 
95-105 0.2/0.3 0.5/0.7 Ale DQF-162 
100-200 0.4/0.75 0.5/1.0 Bile DQF-104 
104-176 0.3/0.6 0.2/0.6 ALE DQF-121 
115-345 0.5/0.8 0.8/1.4 .O: DQF-310 


114-126 0.2/0.3 0.5/0.7 a: DQF-166 
133-147 0.2/0.3 0.5/0.7 1: DQF-163 
150-300 0.4/0.75 0.5/1.0 a DQF-105 _ 
190-210 0.2/0.3 0.5/0.7 A: DQF-164 
240-720 0.7/1.0 1.2/1.6 5: DQF-330 


285-315 0.2/0.3 0.5/0.7 male DQF-165 
430-470 0.2/0.3 0.5/0.7 ats DQF-167 


Power Rating: 1 Watt, max. PIN-OUT TABLE 
All specifications assume 50 ohms impedance of all ports 


For pin location and package outline drawings, see back pages. EUT, xo CUTEUT. peel bth ISOLATER (GROUND 


8 5 4 2,3,6,7 


*Terminate isolated port with 50 ohms externally 
**GROUND = Ground externally 


ALAR wa garl® 


a3 BREE. 
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Ps 90° HYBRIDS 


OPTIMIZED AND OCTAVE BANDWIDTH 
COAXIAL CONNECTOR 


INSERTION AMPLITUDE PHASE ISOLATION 
LOSS UNBALANCE UNBALANCE (dB) 


(dB) (dB) (Degrees) PIN-OUT 


(See Below) 
TYP/MAX TYP/MAX TYP/MAX TYP/MIN 


10.2-10.5 0.2.0.3 nals DQK-751* 
§.5-16.5 0.3/0.5 .0/3. 13; DQK-301* 
10-20 0.3/0.6 .0/3. Salk DQK-706* 
19-21 0.2.0.3 .0/3. mar DQK-757* 
20-40 0.3/0.6 ei DQK-701* 
20-60 0.3/0.5 Si DQK-302* 


0.2.0.3 at: DQK-752* 
0.2.0.3 0-0. ae DQK-753* 
0.3/0.6 o: DQK-303* 
0.2.0.3 ; ae DQK-758* 
0.3/0.6 alt DQK-702* 
0.3/0.6 A: DQK-305* 


0.3/0.6 SUE DQK-720* 
0.3/0.7 .0/3. 22: DQK-723* 
0.2/0.3 .0/3. SE DQK-754* 
0.2/0.6 atte DQK-722* 
0.2/0.3 cule DQK-756* 


0.2/0.3 1 DQK-761* 
0.4/0.75 at DQK-703* 
0.4/0.7 5: DQK-304* 
0.2/0.3 e DQK-762* 
0.4/0.75 us DQK-704* 


DQK-721* 
DQK-310* 
.2/0. .0/3. le DQK-766* 
0.2/0.3 sue DQK-763* 
0.4/0.75 Sue DQK-705* 


0.2/0.3 He DQK-764* 
0.7/1.0 0: DQK-330* 
0.2/0.4 a DQK-765* 
0.2/0.6 AP DQK-767* 


Power Rating: 1 Watt, max. 
All specifications assume 50 ohms impedance of all ports INPUT +90° OUTPUT 0° OUTPUT ISOLATED* 
*Select Connector Sufix: "B" = BNC, "S = SMA, 'N" = TYPEN, "T" = TNC 
For pin location and package outline drawings, see back pages. 


*Terminate isolated port with 50 ohms externally 


rts aie wa aarl® 
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es 90° HYBRIDS 


MULTI-OCTAVE BANDWIDTH 
COAXIAL CONNECTOR MODELS 


FREQUENCY INSERTION AMPLITUDE PHASE ISOLATION 
RANGE LOSS UNBALANCE UNBALANCE (dB) 
(dB) (dB) (Degrees) 


PIN-OUT 
(See Below) 


(MHz) TYP/MAX TYP/MAX 


2-32 nOe DQK-2-16B 
2-250 Ale A: DQK-2-125B 
3-32 Mile .0/3. 3: DQK-3-32S 
5-50 9/1. .0/3. EO DQK-5-50S 
10-50 SF DQK-10-50S 
10-100 3: DQK-10-100S 
15-150 3: DQK-15-150S 


DQK-20-100S 
DQK-20-200S 
DQK-2-200B 
DQK-25-250S 
DQK-30-150S 
DQK-30-300S 
DQK-40-400S 


20-100 
20-200 
20-400 
25-250 
30-150 
30-300 
40-200 


—_ = = 2 = = 
—_ 2 = = = 


DQK-45-450S 
DQK-50-250S 
DQK-50-500S 
DQK-60-300S 
DQK-70-350S 
DQK-90-450S 
DQK-100-500S 


45-450 
50-250 
50-500 
60-300 
70-350 
90-450 
100-500 


—_ 2 - = = 2 — 
_—_ = - = = = 


Power Rating (All Models) = 1 Watt, max PIN-OUT TABLE 
Connector Sufix: "B" = BNC, "S = SMA, (Last letter in Model number) 


For pin location and package outline drawings, see back pages. INPUT O° OUTPUT _ +90° OUTPUT “tSOLATED 


*Terminate isolated port with 50 ohms externally. 
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SE 180° HYBRIDS 


SURFACE-MOUNT 3 - PORT 


INSERTION LOSS PHASE AMPLITUDE 
(dB) UNBALANCE UNBALANCE PIN-OUT 
(Degrees) (dB) 
(See 


MB UB Below) 
TYP/MIN | TYP/MAX TYP/MAX TYP/MAX 


25/20 1.1/1.6 
18/13 1.5/2.2 
15/10 2.5/3.2 


LEADED SURFACE-MOUNT %/  3-PORT 


ISOLATION INSERTION LOSS PHASE AMPLITUDE 
(dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(Degrees) (dB) 
(See 
LB MB MB LB MB UB MB UB Below) 
TYP/MIN. TYP/MIN._TYP/MIN| TYP/MAX TYP/MAX TYP/MAX|MAX MAX MAX| MAX MAX MAX 


2 - 200 25/20 30/20 25/20 1.0/1.3 0.8/1.0 10/13 10 30 50 0.3 , SJL-113 


LEADED SURFACE-MOUNT 4 -PORT 


ISOLATION INSERTION LOSS PHASE AMPLITUDE 
(dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
D. dB 
(Degrees) (4B) 
LB MB MB LB MB UB MB UB Below) 
TYP/MIN TYP/MIN._TYP/MIN| TYP/MAX TYP/MAX TYP/MAX| MAX MAX MAX|MAX MAX MAX 


2-200 25/20 30/20 25/20 1.0/1.3 0.8/1.0 1.0/1.3 10 3.0 5.0 0.3 


Power Rating (All Models) = 1 Watt, max. PIN-OUT TABLE 
Impedance is 50 Ohms INPUT 0° OUTPUT 180° OUTPUT ISOLATED* GROUND 


LB =LF to 10 LF 


MB = 10 LF to HF/2 
UB = HF/2 to HF 


*Terminate Isolated Port in 50 Ohms 
GROUND = Ground externally 


CULAR wa earl® 
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eee 180° HYBRIDS 


THROUGH HOLE MOuNT(8-Pin Relay Header) 


FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
RANGE (dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
D dB 
(MHz) (Degrees) (dB) (See 
MB MB Below) 
LF-HF TYP/MIN TYP/MAX 


25/20 27/23 0.5/0.8 0.3/0.5 : : : : : : DJP-201 
35/30 30/23 .75/1.0 0.5/0.8 ; : Oilers . ; DJP-2A2 
30/25 30/25 1.0/1.2 1.0/1.2 ‘ : : : : ; DJP-203 
28/23 25/20 0.9/1.4 1.2/1.7 ‘ : : ; : ; DJP-204 


THROUGH HOLE Moun7(TO-8) 


FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
RANGE (dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(MHz) (Degrees) (dB) (See 
LB MB UB MB LB MB Below) 
LF-HF TYP/MIN TYP/MIN TYP/MIN TYP/MAX 


0.01-20 25/20 30/25 27/23 0.5/0.8 0.3/0.5 0.5/0.7 
5-200 30/25 30/25 30/25 1.0/1.2 1.0/1.2 1.0/1.4 
5-400 28/23 28/23 25/20 0.9/1.4 1.2/1.7 1.7/2.0 


DJP-601 
DJP-603 
DJP-604 


4-PORT 


FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
RANGE (dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(MHz) (Degrees) (dB) 


(See 
LB MB MB LB MB UB MB Below) 
LF-HF TYP/MIN TYP/MIN TYP/MIN | TYP/IMAX TYP/MAX TYP/MAX | MAX MAX MAX | MAX MAX 


2-200 30/25 28/23 25/20 0.5/0.9 0.7/1.0 0.8/1.2 1 


DJP-202 
2-400 22/18 23/18 20/15 1.4/1.8 1.2/2.0 1.6/2.5 1 


DJP-205 


Power Rating (All Models) = 1 Watt, max 
Impedance is 50 Ohms INPUT 


0° OUTPUT 180° OUTPUT ISOLATED* GROUND 
For pin location and package outline drawings, see back pages. 


All other 
LB = LF to 10 LF 


3 
MB = 10 LF to HF/2 All other 


UB = HF/2 to HF 


*Terminate Isolated Port in 50 Ohms 
GROUND = Ground externally 
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Eee 180° HYBRIDS 


FLAT-PACK 


ISOLATION INSERTION LOSS PHASE AMPLITUDE 
(dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(Degrees) (dB) 
(See 


MB MB LB MB UB MB Below) 
TYP/MIN _TYP/MIN| TYP/MAX TYP/MAX TYP/MAX| MAX MAX MAX MAX 


30/25 30/25 30/25 1.0/1.2 1.0/1.2 1.0/1.4 2 ‘ DJF-103 
28/23 = 28/23 25/20 0.9/1.4 1.2/1.7 1.7/2.0 1.5 : DJF-104 


FLAT-PACK 
FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
(dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(Degrees) (dB) 
(See 
MB MB LB MB UB MB Below) 
TYP/MIN TYP/MIN| TYP/MAX TYP/MAX TYP/MAX | MAX MAX MAX MAX 
2-200 30/25 28/23 25/20 0.5/0.9 0.7/1.0 0.8/1.2 1 DJF-102 
2-400 22/15 23/18 20/1 5m: 4/1: Bet -2/2.0 eee 6/250 DJF-105 
Power Rating (All Models) = 1 Watt, max. PIN-OUT TABLE 
Impedance is 50 Ohms. INPUT 0°OUTPUT 180°OUTPUT ISOLATED* GROUND 


For pin location and package outline drawings, see back pages. 1 4 8 mon All other 


1 a 8 5 All other 


LB = LF to 10 LF 
MB = 10 LF to HF/2 
UB = HF/2 to HF 


*Terminate Isolated Port in 50 Ohms 
GROUND = Ground externally 
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es 180° HYBRIDS 


COAXIAL CONNECTOR 3 - PORT 


FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
RANGE (4B) (dB) UNBALANCE UNBALANCE PIN-OUT 
(MHz) (Degrees) (See 


MB MB LB MB Below) 
TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX | MAX MAX 


25/20 27/23 0.5/0.8 0.5/0.7 2 : ‘ : DJK-701* 
30/25 30/25 1.0/1.2 .0/1. 1.0/1.4 2 : , : DJK-703* 
28/23 25/20 0.9/1.4 PA 1.7/2.0 1.5 : : f DJK-704* 
23/15 18/12 1.9/2.8 2.5/2.8 5 ; : z DJK-706* 


COAXIAL CONNECTOR 4-PORT 


FREQUENCY ISOLATION INSERTION LOSS PHASE AMPLITUDE 
RANGE (dB) (dB) UNBALANCE UNBALANCE PIN-OUT 
(MHz) (Degrees) (dB) (See 
LB MB MB LB MB UB MB Below) 

LF-HF TYP/MIN TYP/MIN TYP/MIN | TYP/MAX TYP/MAX TYP/MAX | MAX MAX MAX | MAX MAX 

2-200 30/25 28/23 25/20 0.5/0.9 0.7/1.0 0.8/1.2 1 DJK-702* 

2-400 22/18 23/18 2O/A Smee. 4/4.8 ease! 2.0 1-6/2 Oe DJK-705* 
*Select Connector Sufix: "B" = BNC, "S = SMA, 'N" = TYPEN, "T" = TNC PIN-OUT TABLE 
Power Rating (All Models) = 1 Watt, max INPUT  O°OUTPUT 180°OUTPUT ISOLATED* GROUND 
Impedance is 50 Ohms. 
For pin location and package outline drawings, see back pages. 2 1 


1 2 


phan ae *Terminate Isolated Port in 50 Oh 
MB = 10 LF to HF/2 ermina See (=) ort in ms 
UB = HF/2 to HF GROUND = Ground externally 
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Synergy’s line of couplers consist of directional & 
bidirectional types with frequencies ranging from 10 KHz to 
2 GHz. A bidirectional coupler is a 4 port device that 
produces two unequal amplitude outputs when a signal is 
fed through the input port and cancels the signal at the 
reverse coupled port. A directional coupler has the reverse 
coupled port internally terminated. 


BI DIRECTIONAL COUPLER 


FORWARD 
COUPLED 


REVERSE 
COUPLED | 


PORT Q g PORT 


INPUT 
PORT 9 = ct ath nt at OH 


OUTPUT 


PARAMETER DEFINITIONS 


Coupling 
Coupling is the attenuation in dB of a signal at a coupled 
port relative to the input port. 


Coupling Flatness 
Coupling flatness is the peak to peak variation in coupling 
over the specified frequency range. 


Insertion Loss 
Insertion loss is the unrecoverable power in dB dissipated 
within the circuit. 


Coupling Loss 

Theoretically, the RF power will split unevenly between 
the mainline and coupling port. Listed in Table 1 is the 
coupling loss for Synergy's line of directional couplers. 


Mainline Loss 
Mainline loss is equal to insertion loss plus the coupling 
loss. 
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oo. | GOUPLERS 


Couplers are categorized by the low signal level output. A 
10 dB directional coupler will provide an output of 10 dB 
below the input signal level, and a "Main Line" signal level 
which has very little loss (0.46 dB theoretically). Listed 
below are the functional diagrams for both types. 


DIRECTIONAL COUPLER 


FORWARD 
COUPLED 
PORT 


x a 


INPUT i= 


PORT ee OUTPUT | 
PORT } 


Table 1 


Coupling Value Coupling loss 


1.25 dB 
0.46 dB 
0.140 dB 
0.044 dB 


Directivity 

Directivity is a measure of the coupler’s ability to direct 
energy only to the desired port. Directivity is equal to the 
isolation value minus the coupling value. 


VSWR 


The voltage standing wave ratio is a term used to indicate 
how well the device is matched to the system impedance. 


ed pe te 
UMwTIb. 
wr a Temnuwn Y a 
M\CROWAVE CORPORATION 


1) DIRECTIONAL COUPLERS 


SURFACE-MOUNT 


COUPLING FREQUENCY COUPLING MAINLINE LOSS DIRECTIVITY 
(dB) RANGE FLATNESS (dB) (dB) 
LF-HF 


MB LB MB UB 
NOM (MHz) (dB) TYP/MAX TYP/MIN  TYP/MIN  TYP/MIN 


10.5 + 1,0 0.5 - 500 + 0:7 .0/1.4 0.8/1.4 28/23 SDC-C1 
10.5+0.5 10 - 500 +0.4 8/1. 33/23 ioe sDC-C2 
10.7 + 1.0 800 -1550 +) 1.0 0: SDC-M-3? 
10.5°% 0.5 2100 - 2400 + 0.3 A: SDC-2124¢ 
11.5 + 0.5 5 - 1000 +0.5 0/1. SDC-C3 


SDC-M-2 
SDC-C1-1 
SDC-C4 
SDC-M-1 
SDC-C5¢ 


dil OFea.0 100 -1000 +0.6 
11.5 + 0.5 850 - 950 +0.4 
15.0 + 0.75 40 - 860 a> (0)7/ 
20.0 + 1.0 100 - 1000 10775 
21.5 + 1.0 800 - 1000 +0.6 


NPN ND 


o>) 


21.5 +1.0 800 - 1000 + 0.5 SDC-8010¢ 


LEADED SURFACE-MOUNT 159 


COUPLING FREQUENCY COUPLING MAINLINE LOSS DIRECTIVITY 
(dB) RANGE FLATNESS (dB) (4B) 
LF-HF 
MB UB LB MB 
NOM (MHz) (dB) TYP/MAX TYP/MAX TYP/MIN _TYP/MIN 


10.0 + 0.5 30 - 1000 £0, 5/1, 1.5/1.8 20/15 20/15 20/15 ust SCL-4B-75a 
10.0 +0.5 30 - 1000 #0. .o/1. 1.5/1.8 20/15 20/15 20/15 Roh SCZ-4B-75m 
10.5 + 0.5 10 - 500 +0, 8/1. 0.8/1.3 33/23 25/20 20/15 3: SCZ-2B 


11.5 +0.5 5 - 1000 s O/T. 1.6/1.9 25/20 24/18 22/15 3: SCZ-3B 
11,9 4:0.5 5 - 1000 0/1, 1.6/1.9 25/20 24/18 22/15 3; SCL-3B 


11.5 + 0.5 850 - 950 25/20 ‘2: SCZ-1-1 
11.5+0.5 950 -1525 20/15 .3: SCL-7B-75m 
11.5+0.5 950 -1525 20/15 3: SCZ-7B-75m 
15.0 + 0.75 40 - 860 ae .0/1. 18/15 30: SCZ-4C 
20.0 + 1.0 50 - 750 .2/0. .2/0. 20/15 = =20/15 20/15 19: SCL-4D-75m 


20.0 + 1.0 50 - 750 Bale .2/0. .2/0. 20/15 20/15 20/15 .O: SCZ-4D-75m 
20.0 + 1.0 800 - 900 +0. wefenre oes /--- 15/10 23: SCL-6D 


Power rating (all models) = 1 Watt, max 
gw 75 Ohm Models NO CONN. * ISOLATED 
Impedance, unless otherwise noted is 50 ohms. 

¢ (UB) - Denotes full bandwidth specification 

For pin location and package outline drawings, see back pages. 


LB=LF to 10 LF 
MB=10 LF to HF/2 


UB=HF/2 to HF 


* Terminate isolated port with 50 ohms. 
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I) DIRECTIONAL COUPLERS 


THROUGH HOLE (8 Pin Relay ) 


COUPLING 
(dB) 


NOM 


6.0 +0.5 

10.5 +0.5 
10.5 + 0.5 
10.5 + 0.5 
11.0+0.5 


11.0+0.75 
11.5+0.5 
11.5+0.5 
15.0 + 0.5 
15.0 + 0.75 


19.5+0.5 
19.5 + 0.5 
20.0 + 0.5 
20.0 + 1.0 
21.0 + 0.75 


THROUGH HOLE (4-Pin 


COUPLING 
(dB) 


NOM 


6.0 +0.5 
6.3 + 0.4 
10.5 +0.5 
10.5 + 1.0 
11.0+0.5 


20.0 + 1.0 


FREQUENCY 
RANGE 
LF-HF 


(MHz) 


10 - 100 
1 - 2000 
1 - 250 
250 -1000 
5 - 750 


5 - 1000 
0.5 - 500 
1 - 500 
0.01 - 35 
0.5 - 1000 


1 - 150 
0.2 - 250 
0.5 - 1000 
5 - 500 
25 - 400 


FREQUENCY 
RANGE 
LF-HF 


(MHz) 


COUPLING 
FLATNESS 


(dB) 


COUPLING 
FLATNESS 


(dB) 


MAINLINE LOSS 
(dB) 


MB UB 

TYP/MAX _TYP/MAX 
1.8/2.0 
2.0/2.5 
1.1/1.5 
1.6/2.0 
1.6/1.9 


1.7/2.0 
.85/1.3 
1.1/1.3 
0.3/0.6 
1.0/1.5 


.35/0.8 
0.3/0.6 
1.0/1.7 
.3/0.8 0.4/1.0 
--I---  .35/0.5 


DIRECTIVITY 
(dB) 


LB MB 
TYP/MIN __TYP/MIN 


KAP-201 
KBP-2A6*** 
KBP-2A2 
KBP-2A4** 
KBP-2B4 


KBP-204 
KBP-2A1 
KBP-203 
KCP-2B1 
KCP-204 


KDP-2B28 
KDP-202 
KDP-204 
KDP-203 
KDP-213* 


DIRECTIVITY 


(dB) PIN-OUT 


(See Below) 
LB MB UB 


TYP/MIN _TYP/MIN_TYP/MIN 
KAP-301 
KAP-302 
KBP-313 
KBP-303 
KBP-314 


KDP-303 


PIN-OUT TABLE 


Power rating (all models) = 1 Watt, max 
* LB = 25 - 50 MHz, MB = 50 - 300 MHz, UB = 300 - 400 MHz 


ood _ =~ a CASE NO 
LB = 250 - 500 MHz, MB = 500 - 750 MHz, UB = 750 - 1000 MHz INPUT OUTPUT COUPLED GND CONN 
*** Input Power = 0.5 Watts Max. 

@ 75 Ohm models 3 2,5,7,8 6 
For pin location and package outline drawings, see back pages. 4 3 - 


LB=LF to 10 LF 
MB=10 LF to HF/2 


UB=HF/2 to HF 
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1) DIRECTIONAL COUPLERS 


COAXIAL CONNECTOR 


COUPLING FREQUENCY COUPLING MAINLINE LOSS DIRECTIVITY 
dB RANGE FLATNESS dB dB 
ie LF-HF ve cd VSWR Sede MODEL 
LB MB LB MB Ul <8 laine eer) 
NOM (MHz) (dB) TYP/MAX TYP/MAX TYP/MIN TYP/MIN  TYP/MIN 


10.0 + 1.0 2-100 +05 0.8/1.0 36/30 sa KBK-701* 
10.5+0.5 1 - 2000 + 1.0 2.0/2.5 38/25 3: KBK-7A6S** 
10.5 + 0.5 1 - 250 + 0.75 1.0/1.5 35/25 eas KBK-7A2B @ 
10.75 + 0.25 1-500 +0.6 1.1/1.3 25/20 3: KBK-703* 
11:0 4:10 5 - 1000 7.0 1.4/2.0 32/25 A: KBK-704* 


11.0 +0.5 1 - 1000 +05 1.6/2.0 40/30 2: KBK-7C4* 
11.5+0.5 10 - 1000 +0.75 A/1. 1.5/1.7 40/30 0: KBK-705* 
15.0 + 0.5 0.01 - 35 +0.5 .2/0. 0.3/0.6 38/30 BLO: KCK-7C1* 
15.0 + 1.0 2 - 100 +0.5 .25/0.4 37/30 .09: KCK-701* 
15.0 + 1.0 10 - 500 +0.75 .75/1.15 33/25 3: KCK-703* 


15.0 + 1.0 5 - 1000 + 0:75 1.2/1.65 30/23 3: KCK-704* 
19.5 +0.5 0.2 - 250 : ; 40/30 in; KDK-702* 
19.8+0.5 1 - 1000 +0, 2/1, 35/28 3: KDK-704* 
20.0 + 1.0 0.5 - 120 ‘ want 40/30 .08: KDK-701* 
20.0 + 1.0 10 - 500 .3/0. 35/30 23 KDK-703* 


20.0 + 1.0 1 - 1000 +0. 9/1. 35/28 3: KDK-705* 


Power rating (all models) = 1 Watt, max PIN-OUT TABLE 
* Select female connector suffix: "S" = SMA, "B"= BNC, "N"= Type N, "T" = TNC 
*** Input Power = 0.5 Watts Max. 

For pin location and package outline drawings, see back pages. 


@ 75 Ohm models 


CASE NO 
INPUT OUTPUT COUPLED GND CONN 


LB=LF to 10 LF 
MB=10 LF to HF/2 


UB=HF/2 to HF 
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Ss HIGH POWER 
Hy), DIRECTIONAL COUPLERS 


COUPLING FREQUENCY COUPLING 
(dB) RANGE FLATNESS 


30.0 + 1.0 800 - 2000 +0.4 
30.0 + 0.75 850 - 960 +0.25 
30.0 + 0.75 1800 - 2000 


100 4.2531 210 KEK-706H 
500 1.1531 207 KEK-704H 
500 1.15:1 50 208 KEK-705H 


For pin location and package outline drawings, see back pages. 


CH1 Sz; leg MAG .2 dB/ REF -30 4B 2-30. 113 dB 
b d 


START 700.000 000 MHz STOP 1 100,000 000 MHz 


KEK-704H (COUPLING) KEK-705H (COUPLING) 


KEK-706H (COUPLING) 


ALAR TReRs 
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Es DUAL HIGH POWER 
yy) DIRECTIONAL COUPLERS 


COAXIAL CONNECTOR 


COUPLING FREQUENCY [COUPLING | MAINLINELOSS | DIRECTIVITY | INPUT POWER 
(dB) RANGE FLATNESS (dB) (dB) 
LF-HF 
NOM. (MHz) (dB) MAX. MIN. MAX. 
0.2 30 500 


30.0 + 0.75 850 - 960 + 0.25 


VSWR 
TYP 


1.15:1 


MODEL 


KEK-704DH 


IMPEDANCE 
(OHMS) 
50 214 


For pin location and package outline drawings, see back pages. 
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Mm BI-DIRECTIONAL COUPLERS 


THROUGH HOLE (8 Pin Relay Header) 


COUPLING FREQUENCY COUPLING MAINLINE LOSS DIRECTIVITY 
(4B) RANGE FLATNESS (4B) (dB) 
LF-HF 
LB MB UB LB MB UB 
NOM (MHz) (dB) TYP/MAX TYP/MAX TYP/MAX TYP/MIN TYP/MIN TYP/MIN 


6.0+0.5 10 - 100 + 0.25 1.5/2.08 1,5/2;0 © 1.5/2.0 30/25 30/25 Ae2an 120 KAP-241 
3 A i AC] 0.5 - 400 tO) 0.8/1.0 0.7/0.9 0.9/1.0 37/25 25/20 147A 120 KBP-243 
19.5 + 1.0 0.5 - 400 + 1.0 0.3/0.5 0.4/0.5 0.5/0.6 35/25 33/20 (GSB. 120 KDP-243 


THROUGH HOLE (TO-5 &TO-8) 104 = | 127 


FREQUENCY COUPLING MAINLINE LOSS DIRECTIVITY 
RANGE FLATNESS (dB) (dB) 
LF-HF 
MB LB MB 
(MHz) (dB) TYP/MAX TYP/MIN _TYP/MIN 


6.0+05 10 - 100 30/25 KAP-541 
6.0+0.5 10 - 100 30/25 Pas KAP-841 
10.8 + 1.0 10 - 500 25/20 ne KBP-543 
10.8 + 1.0 10 - 500 j 25/20 3: KBP-843 
20.0 + 1.0 10 - 500 35/25 A: KDP-543 


20.0 + 1.0 10 - 500 +0. 35/25 A: KDP-843 


Power rating (all models) = 1 Watt, max 
Impedance, unless otherwise noted is 50 ohms. 
For pin location and package outline drawings, see back pages. 


LB=LF to 10 LF 
MB=10 LF to HF/2 


FORWARD REVERSE CASE 
INPUT OUTPUT COUPLED COUPLED GND 


All Other 
All Other 


UB=HF/2 to HF 


fALeRil wa ears 


™ EU DEB. 
WB LUBE 
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BI-DIRECTIONAL COUPLERS 


COAXIAL CONNECTOR 


COUPLING 
FLATNESS 


COUPLING 
(dB) 


FREQUENCY 
RANGE 
LF-HF 


(MHz) 


10 - 100 
2 - 100 
10 - 500 
10 - 1000 
2-100 


(dB) 


+ 0.25 
+0.5 
+0.5 
nace 
+ 0.5 


10 - 500 
5 - 1000 
2 - 100 

10 - 500 
10 - 1000 


+ 0.75 
+ 0.75 
+0.5 
+0.5 
+1.0 


FILAT-PACK 


COUPLING 
(dB) 


FREQUENCY 
RANGE 
LF-HF 


COUPLING 
FLATNESS 


NOM 


10.8 + 0.7 
20.3 + 0.7 


(MHz) 


10 - 500 
10 - 500 


(dB) 


Power rating (all models) = 1 Watt, max 


MAINLINE LOSS 
(dB) 


MB 
TYP/MAX 


MAINLINE LOSS 
(dB) 


LB MB 
TYP/MAX TYP/MAX 


1.0/1.3 1.0/1.4 
0.3/0.4 0.3/0.5 


* Select connector suffix: "S" = SMA, "B" = BNC, "N" = Type N, "T" = TNC 


Impedance, unless otherwise noted is 50 ohms. 


For pin location and package outline drawings, see back pages. 


LB=LF to 10 LF 
MB=10 LF to HF/2 


UB=HF/2 to HF 


201 McLean Boulevard + Paterson, New Jersey 07504 = Tel: (973) 881-8800 * Fax: (973) 881-8361 
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DIRECTIVITY 
(dB) 


MB 
TYP/MIN 


UB 


DIRECTIVITY 
(dB) 


UB 
TYP/MAX 


1.2/1.6 
0.4/0.5 


MB 
TYP/MIN 


28/23 28/24 
35/28 35/25 


INPUT 


144 


PIN-OUT 
(See Below) 


TYP/MIN 


KAK-741* 
KBK-741* 
KBK-743* 
KBK-744* 
KCK-741* 


KCK-743* 
KCK-744* 
KDK-741* 
KDK-743* 
KDK-744* 


PIN-OUT 
(See Below) 


PIN-OUT TABLE 


FORWARD 
OUTPUT COUPLED 


REVERSE 
COUPLED 


CASE 
GND 


All Other 


MALAI a aarsl® 


\ @-U BPE. 
WEINER 
MICROWAVE CORPORATION 


FREQUENCY 
DOUBLERS 


- 
» 


Wy 


LEADED SURFACE-MOUNT MODELS 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS SPURIOUS (dB) PIN-OUT 
(MHz) (dBm) (dB) F4 F3 (See Below) MODEL 
INPUT OUTPUT MIN MAX TYP/MAX TYP/MIN  TYP/MIN 
+4 


1 - 500 2 - 1000 


13.5/16.5 25/15 
50 - 750 100 - 1500+ +6 10.5/13.5 25/15 
50 - 1250 150 - 2500¢ +6 10.5/13.5 30/20 
75 - 1500 150 - 3000¢ + 10 12.0/14.0 25/17 


-LEADEDLESS SURFACE-MOUNT MODELS 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS SPURIOUS (dB) PIN-OUT 
) (dBm) (dB) F1 F3 (See Below) MODEL 
MIN MAX TYP/MAX TYP/MIN TYP/MIN 
: +4 


0.06 - 5 11.5/15.0 
0.01 - 50 11.5/15.0 
1 - 300 11.5/15.0 
2- 1000 13.5/16.5 
100 - 1500+ 10.5/13.5 


100 - 2000+ 12.5/16.0 
100 - 2500¢ 10.5/13.5 
150 - 3000¢ 12.0/14.0 
1000 - 4000+ 12.0/17.0 


COAXIAL CONNECTOR MODELS 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS SPURIOUS (dB) 
(MHz) (dBm) (dB) F1 F3 
INPUT OUTPUT MIN MAX TYP/MAX TYP/MIN TYP/MIN 
0 


0.05 - 150 0.1 - 300 +13 11.5/15.0 35/20 40/20 118 XK-703* 
1 - 500 2 - 1000 a +15 13.5/16.5 25/15 40/25 118 3 XK-702* 
50 - 1250 100 - 2500¢ +4 + 20 10.5/13.5 30/20 35/20 118 3 XK-701* 


*Specifications are for operation at +13 dBm (nominal) input power. PIN-OUT TABLE 


Nominal impedance is 50 ohms. 
*Select female connector suffix: S=SMA, B=BNC, N=Type N, T=TNC 
For pin location and package outline drawings, see back pages. 


INPUT OUTPUT GROUND NO CONN. 


201 McLean Boulevard + Paterson, New Jersey 07504 » Tel: (973) 881-8800 + Fax: (973) 881-8361 
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Ps VU N AL TG 

=U EBM. 

WS UB UU E 
MICROWAVE CORPORATION 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS 
(MHz) (dBm) (dB) 
INPUT OUTPUT TYP/MAX 


0.003 - 2.5 0.006 - 5 11.5/15.0 
0.005 - 25 0.01 - 50 11.5/15.0 
0.05 - 150 0.1 - 300 11.5/15.0 
1 - 500 2 - 1000 13.5/16.5 
50 - 750 100 - 1500¢ 10.5/13.5 


FREQUENCY RANGE 


INPUT POWER aren LOSS 
(MHz) (dBm) 
INPUT OUTPUT ca hay 


2 - 1000 
2 - 1000 
150 - 3000¢ 


13.5/16.5 
13.5/16.5 
12.0/14.0 


SPURIOUS ee PIN-OUT 
F1 PACKAGE (See Below) MODEL 
TYP/MIN wares 


A032" 
mat la Salt PIN-OUT 
PACKAGE | (See Below) MODEL 


age 


25/15 40/25 
25/15 40/25 
25/17 25/17 


rohan 


TO-8 and TO-5 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS 
(MHz) (dBm) (dB) 
INPUT OUTPUT TYP/MAX 


50 - 1000 100 - 2000+ 40) 10.5/13.5 
50 - 1000 100 - 2000¢ + - + 20 10.5/13.5 


FLAT PACK 


FREQUENCY RANGE INPUT POWER CONVERSION LOSS 
(MHz) (dBm) (dB) 
INPUT OUTPUT MIN MAX TYP/MAX 
+4 + 20 


50 - 1250 100 - 2500¢ 10.5/13.5 


* Pins must be connected together externally 

¢Specifications are for operation at +13 dBm (nominal) input power. 
Nominal impedance is 50 ohms. 

For pin location and package outline drawings, see back pages. 
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122 


PIN-OUT 
PACKAGE | (See Below) MODEL 


30/20 35/20 122 XP-601 
30/20 35/20 126 : XP-801 


SPURIOUS (dB) 
F1 F3 


TYP/MIN TYP/MIN 


SPURIOUS Sy PIN-OUT 
F1 (See Below) MODEL 
TYP/MIN wer 


30/18 35/20 XF-111 


PIN-OUT TABLE 


INPUT OUTPUT GROUND CASE GROUND 
2,5,6,7 25/6:7, 
2,5,6,7 2 
All Other All Other 
3 3 
2,4 2,4 
All Other All Other 
Ati Fa aarle® 
-3Y BREE. 
w2 EL LURE EB 
WICROWAVE CORPORATION 


FIXED ATTENUATORS 


8-PIN MINI - RELAY HEADER 


FLATNESS 

FREQUENCY ATTENUATION (dB), MAX. 
RANGE (dB) 
(MHz) NOM. 


NOTE: Maximum RF power is 1/2 Watt. 


8-PIN - RELAY HEADER 


FLATNESS 

FREQUENCY ATTENUATION (dB), MAX. 
RANGE (dB) 
(MHz) NOM. 


DC-1500 
DC-1500 


DC-1500 
DC-1500 
DC-1500 
DC-1000 
DC-500 


NOTE: Maximum RF power is 1/2 Watt. 


LB=LOW (DC-500 MHz) 
MB=MID (DC-1000 MHz) 


UB=UPPER (DC-1500 MHz) 


For pin location and package outline drawings, see back pages. 


PIN-OUT 
(See 
Below) 


AFP-403 
AFP-406 


AFP-410 
AFP-415 
AFP-420 
AFP-430 
AFP-440 


PIN-OUT 
(See 
Below) 


AFP-203 
AFP-206 


AFP-210 
AFP-215 
AFP-220 
AFP-230 
AFP-240 


PIN-OUT TABLE 


INPUT OUTPUT GROUND 


8 2,3,4,5,6,7 


ALeBi le wa earl 
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@Y BPR. 
3 BE UU DE 
MICROWAVE CORPORATION 


Ps TRANSFORMERS 


LEADLESS SURFACE-MOUNT MODELS 


IMPEDANCE CENTER FREQUENCY BANDWIDTH (MHz) for PIN-OUT 
RATIO TAP INSERTION-LOSS (See MODEL 
PRI: SEC PRI SEC (MHz) 1dB 2dB Below) 
: No 


003-300 .02-50 .01-150 003-300 
.075-400 370-185 120-300 .075-400 
.650-525 - 2.2-400 650-525 


.070-300 180-175 140-225 .070-300 
.270-500 3.6-160 490-430 —-.270-500 
2-100 .35-300 .2-350 

.6-200 .3-300 

5-150 .3-200 


NOTE: All devices shown have 1 Watt Power Rating 
Temperature range for plastic package is -25°C to +85°C 


LEADLESS SURFACE-MOUNT MODELS 


IMPEDANCE CENTER INSERTION 


RATIO TAP FREQUENCY LOSS FIGURE PIN-OUT 
(See (See 


PRI: SEC (dB),MAX Below) Below) 


SMT-C1 
SMT-C2 
SMT-C3 
SMT-C4 


NOTE: All devices shown have 1 Watt Power Rating 
Temperature range for plastic package is -25°C to +85°C PIN-OUT TABLE 


Primary Primary _ Primary Secondary Secondary Secondary 
Center-Tap DOT Center-Tap 


For pin location and package outline drawings, see back pages. 


MALAI wa earul® 


aU HbR. 
\ AB AN 8 
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Ss TRANSFORMERS 


LEADED SURFACE-MOUNT MODELS 


oo CENTER FREQUENCY BANDWIDTH (MHz) for FIGURE PIN-OUT 
. INSERTION-LOSS (See (See 
"8 oie (MHz) 2dB Below) Below) 


-100-55 .05-100 04-140 
.2-80 .08-150 .05-200 
.02-50 .01-150 .003-300 
12-150 7-300 5-450 
4 .055-450 .035-900 .028-1000 
9.0-1200 20-150 12-790 9.0-1200 


480-175 2-54 135-120 480-175 
.075-400 .370-185 120-300 075-400 
100-400 .250-200 140-300 100-400 
075-500 1.0-50 .2-100 075-500 


.060-250 1.7-55 .100-190 .060-250 
.100-275 1.0-85 .200-195 .100-275 
.650-525 - 2.2-400 .650-525 
.050-600 .5-200 .1-400 .050-600 


.01-100 50-20 .02-50 .01-100 
.070-300 780-175 140-225 .070-300 
.300-300 - .700-200 300-300 
.230-495 4.8-175 400-425 230-495 


ok - 
NNN 
an 


.05-250 .5-70 .1-200 .05-250 
.080-340 .550-150 160-295 .080-340 
.270-500 3.6-160 490-430 .270-500 


Sk ak ok 
Www 


.02-200 1-100 .05-150 02-200 
115-200 12,0-50 240-155 115-200 
245-425 5.5-215 475-350 245-425 

.2-350 2-100 .35-300 .2-350 


233s 
hrRDpH 


.3-300 .5-100 .6-200 .3-300 
15-250 2-100 .25-200 15-250 
.15-200 2.0-40 .3-150 .15-200 


oh ok bak 
oon 


3-120 §.0-20 .7-80 .3-120 

.3-120 §.0-20 .7-80 .3-120 

.03-20 .1-5.0 05-10 .03-20 
02-250 .1-100 05-150 02-250 


Se 
— —_ tb 
BESa 


NOTE: All devices shown have 1 Watt Power Rating ahtsaall anc 


Temperature range for plastic package is -25°C to +85°C Primary Primary = Primary = Secondary Secondary Secondary 
DOT Center-Tap DOT Center-Tap 


* Pin must be grounded 


For pin location and package outline drawings, see back pages. 


PULARi ee wa garsl® 


=U BPR. 
WB TNE 
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SS TRANSFORMERS 


MINIATURE 8 PIN - RELAY HEADER 


IMPEDANCE CENTER FREQUENCY BANDWIDTH (MHz) for FIGURE PIN-OUT 
RATIO TAP INSERTION-LOSS (See (See MODEL 
PRI: SEC PRI SEC (MHz) 1dB 2dB 3dB Below) Below) 
: No 


Yes .04-140 100-55 -05-100 .04-140 1 108 TP-207 
No Yes 5-450 12-150 7-300 5-450 1 108 TP-206 


NN 


1-800 - 2-500 1-800 2 108 4 TP-2C4 
: No No 028-1000 055-450 .035-900 .028-1 000 2 108 3 
a No No 9.0-1200 20-150 12-790 9,0-1200 2 108 3 
115 No Yes 480-175 2-54 135-120 480-175 1 108 2 
1:1.5 No No .1-300 5-8 2-150 .1-300 Z 108 3 


1:1.5 .075-400 370-1 85 -1 20-300 075-400 2 108 3 TP-208 
1:1.5 No No -100-400 .250-200 140-300 -100-400 2 108 3 
1:2 No Yes .07-200 0.5-50 1-100 07-200 1 108 2 
Ne No Yes 060-250 1.7-55 -100-190 .060-250 1 108 2 
ez No No 100-275 1.0-85 .200-195 100-275 2 108 3 


1:2 .650-525 - 2.2-400 .650-525 2 108 3 TP-210 
2 No No .050-600 9-200 -1-400 060-600 4 108 1 TP-2B4 
1:2.5 No Yes .070-300 780-175 140-225 .070-300 1 108 2 TP-219 
1:2.5 No Yes .300-300 - -700-200 300-300 1 108 2 TP-218 
1:2.5 No No .230-495 4.8-175 400-425 .230-495 2 108 3 TP-217 


1:3 .080-340 .550-150 -1 60-295 .080-340 1 108 2 TP-220 
1:3 No No .270-500 3.6-160 490-430 .270-500 2 108 3 
1:4 No No 115-200 12.0-50 .240-155 115-200 2 108 3 
1:4 No Yes .2-350 2-100 35-300 .2-350 1 108 2 
1:4 No Yes .245-425 5.5-215 475-350 245-425 1 108 2 


1:5 .3-300 5-100 6-200 3-300 1 108 2 TP-2M2 
1:6 No No .3-200 .3-200 5-150 5-50 2 108 3 
1:8 No No -15-250 2-100 25-200 15-250 4 108 1 
1:9 No No -15-200 2.0-40 .3-150 .15-200 2 108 3 
3-120 5.0-20 .7-80 3-120 2 3 


NOTE: All devices shown have 1 Watt Power Rating PIN-OUT TABLE 


For pin location and package outline drawings, see back pages. Primary Primary = Primary = Secondary Secondary Secondary Case 
DOT Center-Tap DOT Center-Tap Ground 


PALER a earul® 


=U BREE. 
AML LUNN AY 
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8 PIN - MINIATURE RELAY HEADER 


IMPEDANCE CENTER FREQUENCY BANDWIDTH (MHz) for FIGURE PIN-OUT 
RATIO TAP INSERTION-LOSS (See PACKAGE (See MODEL 
PRI: SEC PRI SEC (MHz) 1dB 2dB 3dB Below) Below) 


.05-20 .02-50 .01-100 
1-100 .05-150 .02-200 


NOTE: All devices shown have 1 Watt Power Rating 


CONNECTORIZED PACKAGE 


FREQUENCY BANDWIDTH (MHz) for FIGURE 
INSERTION-LOSS (See 
(MHz) 1dB 2dB Below) 


0.1-400 1-200 0.1-400 
0.01-125 0.05-50 0.01-125 
0.2-500 0.5-300 0.2-500 TK-703B 


NOTE: All devices shown have 1 Watt Power Rating 


For pin location and package outline drawings, see back pages. Primary Primary Primary —- Secondary Secondary Secondary Case 
DOT Center-Tap DOT Center-Tap Ground 


5 

5} 
Balanced 

26 


* Pin must be grounded 


FIGURE 1 FIGURE 2 FIGURE 3 


FIGURE 4 | FIGURE 5 


Cais we garul® 


SB 8 
WE LUE 
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Ss TRANSFORMERS 


PLASTIC FLAT-PACK MODELS 


IMPEDANCE CENTER FREQUENCY BANDWIDTH (MHz) for FIGURE PIN-OUT 
RATIO ee INSERTION-LOSS (See (See MODEL 
PRI : SEC (MHz) 2dB Below) 


.04-140 -100-55 05-100 .04-140 


= 


05-200 .2-80 08-150 -05-200 
003-300 .02-50 01-150 .003-300 
5-450 12-150 7-300 5-450 
-028-1000 055-450 .035-900 028-1000 
9.0-1200 20-150 12-790 9.0-1200 


bs hf a = 


480-175 2-54 135-120 480-175 
.075-400 370-185 120-300 .075-400 
100-400 .250-200 .140-300 100-400 
.075-500 1.0-50 .2-100 .075-500 
.060-250 1.7-55 -100-190 .060-250 


-wA Hh -= 


-100-275 1.0-85 200-195 100-275 
-650-525 - 2.2-400 .650-525 
050-600 .5-200 .1-400 .050-600 

-01-100 .50-20 .02-50 .01-100 
.070-300 180-175 140-225 .070-300 


--]NFPH 


300-300 - .700-200 .300-300 
.230-495 4.8-175 400-425 .230-495 
05-250 5-70 .1-200 .05-250 
080-340 .050-1 50 160-295 .080-340 
.270-500 3.6-160 490-430 .270-500 


a ee ee ee 
WWW... 
hoa = fh = 


02-200 .1-100 05-150 .02-200 
115-200 12.0-50 .240-1 55 115-200 
5.5-215 475-350 245-425 

2-100 .35-300 .2-350 

5-100 6-200 .3-300 


= = = os = 
anrppR 
=—aa oa Ah Pp 


2-100 .25-200 15-250 
2.0-40 .3-150 -15-200 
5.0-20 .7-80 .3-120 
5.0-20 .7-80 3-120 
.05-10 .03-20 


-&hR- BD 


NOTE: All devices shown have 1 Watt Power Rating PIN-OUT TABLE 


Temperature range for plastic package is -25°C to +85°C 
Primary Primary Primary Secondary Secondary Secondary 
DOT Center-Tap DOT Center-Tap 


* Pin must be grounded 


For pin location and package outline drawings, see back pages. 


PeNV IAN OT) 
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LEADLESS SURFACE-MOUNT MODELS 
Low COsT 


PASSBAND STOP BAND FREQUENCY (MHz) PASS BAND PIN-OUT 
LOSS <1 dB (See 
(MHz) Below) 


—_ 


FLS-12 
FLS-24 
FLS-33 


=_— = 
_ 


FLS-55 

FLS-66 

FLS-77 
FLS-100 
FLS-154 


FLS-220 
FLS-330 
FLS-495 
FLS-570 
FLS-660 


FLS-770 

FLS-825 

FLS-850 

FLS-965 
FLS-1100 


= 3 A Se 
—_ SS 


= oh oh oh od 
_ = So 


70: 
AVE 
70: 
«10: 
0: 
70: 
.70: 
80) 
.70: 
“10: 
Ady: 
70: 
70: 
.70: 
0: 
310: 
70: 
10: 


_ | 2 
—_ SS SS 


NOTE: All units meet or exceed applicable MIL-F-18327. For other frequencies and impedances please contact us. 
PIN-OUT TABLE Impedance is 50 Ohms for all models. 


INPUT OUTPUT CASE GROUND 
1 8 All Other 


For pin location and package outline drawings, see back pages. 


MUI BPM @eule 

-3U BREE. UY 

BY ANN GT 
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8 PIN - RELAY HEADER 
Low Cost 


Fe (MHz) PASSBAND STOP BAND FREQUENCY (MHz) 
LOSS = 3 dB LOSS <1 dB 
(Nom) (MHz) >23 dB >20 dB 


DC-10.7 
DC-21.4 
DC-30 


DC-50 
DC-60 
DC-70 
DC-92 
DC-140 


DC-200 
DC-300 
DC-450 
DC-520 
DC-600 


DC-700 
DC-750 
DC-780 
DC-875 
DC-1000 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies and impedances please contact us. 
Impedance is 50 Ohms for all models. 


For pin location and package outline drawings, see back pages. 


PASS BAND 
VSWR 
(TYP) 


INPUT 


1 


FLP-12 
FLP-24 
FLP-33 


FLP-55 
FLP-66 
FLP-77 
FLP-100 
FLP-154 


FLP-220 
FLP-330 
FLP-495 
FLP-570 
FLP-660 


FLP-770 
FLP-825 
FLP-850 
FLP-965 
FLP-1100 


PIN-OUT TABLE 


OUTPUT 


8 
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CASE GROUND 


All Other 


CALERA we aars® 
@Y BPE. 
33 8 INE 


a CRON AVE CORPORATION 


LEADLESS SURFACE-MOUNT MODELS 
HIGH SUPPRESSION 


Fc (MHz) STOP BAND FREQUENCY (MHz) PIN-OUT 
LOSS = 3 dB (See 
(Nom) >30 dB >20 dB Below) 


DC-10.7 
DC-21.4 
DC-30 
DC-50 


-_— — — — 
NwWNN 


-_ = = — 


DC-60 
DC-70 
DC-140 
DC-200 
DC-300 


—_= = So = 
SWANN 


OO92°0292 wBeece coco 
_ = | 


DC-450 
DC-600 
DC-750 
DC-875 
DC-1000 


_—_— = = oS 
NAN WN 
_ 3 9 2 


24 PIN - THROUGH HOLE MOUNT 
HIGH SUPPRESSION 


FLHS-12 
FLHS-24 
FLHS-33 
FLHS-55 


FLHS-66 
FLHS-77 
FLHS-154 
FLHS-220 
FLHS-330 


FLHS-495 
FLHS-660 
FLHS-825 
FLHS-965 
FLHS-1100 


PASSBAND STOP BAND FREQUENCY (MHz) PASS BAND PIN-OUT 
LOSS <2 dB (See MODEL 
(MHz) >30 dB >20 dB Below) 


DC-10.7 
DC-21.4 
DC-30 
DC-50 


=-_ | 
= = — 


DC-60 


DC-70 
DC-140 
DC-200 
DC-300 


—_ | 
NWN NANNY 


DC-450 
DC-600 
DC-750 
DC-875 
DC-1000 


eEo°02 wS.eeeo °2°2°°2 
_— = = = = 


_ = = = = 
NWANWN 
—_ — — — —2 


NOTE: All units meet or exceed applicable MIL-F-18327. PIN-OUT TABLE 
For other frequencies and impedances please contact us. 
Impedance is 50 Ohms for all models. 


1 16 
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FLH-12 
FLH-24 
FLH-33 
FLH-55 


FLH-66 
FLH-77 
FLH-154 
FLH-220 
FLH-330 


FLH-495 
FLH-660 
FLH-825 
FLH-965 
FLH-1100 


INPUT OUTPUT CASE GROUND 


All Other 


MICROWAVE CORPORATION 


ALAR we aars® 
@-YU BPE. 
a\ WE LURE 


LEADLESS SURFACE-MOUNT MODELS 
Low Cost 


Fc (MHz) PASSBAND STOP BAND FREQUENCY (MHz) 
LOSS = 3 dB LOSS <1 dB 
(Nom) (MHz) >23 dB >20 dB 


140-630 
200-850 


300-1200 
450-1400 
600-1600 
750-1900 
875-2000 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies and impedances please contact us. 
Impedance is 50 Ohms for all models. 


For pin location and package outline drawings, see back pages. 


TAOE 
.70: 
10: 
1.70: 
1.70: 
W770; 
nO: 
oTAQE 
nO; 
B70: 
TAGE 
70: 


1 
1 
1 
1 
4 


—_ | 


= = 2 


INPUT 
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FHS-10 
FHS-20 
FHS-27 


FHS-45 
FHS-55__ 
FHS-64 
FHS-127 
FHS-182__ 


FHS-270 
FHS-410 
FHS-545 
FHS-680 
FHS-795 


PIN-OUT TABLE 


OUTPUT 
8 


CASE GROUND 
All Other 


PAYING 1 Ye 
Se et 
TREDINILLL 


— A cron AVE CORPORATION 


8 PIN - RELAY HEADER 
Low COST 


Fc (MHz) STOP BAND FREQUENCY (MHz) PASS BAND 
LOSS = 3 dB VSWR 
(Nom) >23 dB >20 dB (TYP) 


10.7-50 
21.4-100 
30-150 


N“N 
° 
—_ 


FHP-10 
FHP-20 
FHP-27 


= = = 
a 


50-250 
60-300 
70-300 
140-630 
200-850 


FHP-45 
FHP-55 
FHP-64 
FHP-127 
FHP-182 


—_— | — = —2 


NUNN Be 
—_ — =) = => 


300-1200 
450-1400 
600-1600 
750-1900 
875-2000 


FHP-270 
FHP-410 
FHP-545 
FHP-680 
FHP-795 


229222 BSeeese 2° 


-_— = = = — 
_ = 3 2 


NOTE: All units meet or exceed applicable MIL-F-18327. PIN-OUT TABLE 
For other frequencies and impedances please contact us. 
Impedance is 50 Ohms for all models. INPUT OUTPUT CASE GROUND 


For pin location and package outline drawings, see back pages. 1 8 All Other 


PALER we aarle® 


@-YU BBE. 
2 EL UNE DE 
MICROWAVE CORPORATION 
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Fc (MHz) PASSBAND STOP BAND FREQUENCY (MHz) 
LOSS = 3 dB LOSS <2 4B 
(Nom) (MHz) >30 dB >20 dB 


10.7-50 
21.4-100 
30-150 


50-250 
60-300 

70-300 
140-630 
200-850 


300-1200 
450-1400 
600-1600 
750-1900 
875-2000 


24 PIN - THROUGH HOLE MOUNT 


Fe (MHz) PASSBAND STOP BAND FREQUENCY (MHz) 
LOSS = 3 dB LOSS <2 dB 
(Nom) (MHz) >30 dB >20 dB 


10.7-50 
21.4-100 
30-150 


50-250 

60-300 

70-300 

140-630 
200-850 


300-1200 
450-1400 
600-1600 
750-1900 
875-2000 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies and impedances please contact 
us : 


For pin local Padapseis, SAR AAmal. GaedAlsx pages. 


PASS BAN 
Vv SWR 
(TYP) 


—_— — = — — a ah = 
Qe 7 re 
SSSS9 SS9s99 S99 
_ = = = = et «ah = 


—_ =| —) —) — 
YWNWWN 
tek Saok 


D 


PASS BAND 


VSWR 
(TYP) 


—_— — —. 
NWN 
ay SR EA 


—_ — — — —2 
NANNY 


O99929 Beelese 2°° 
_—_ oS 


=_ = = — — 
NWNWNN 
—_ =e —- — — 


INPUT 
1 


te 


124S 
124S 


&. 
PIN-OUT 
(See 
Below) 


FHHS-10 
FHHS-20 
FHHS-27 


FHHS-45 
FHHS-55 
FHHS-64 
FHHS-127 
FHHS-182 


FHHS-270 
FHHS-410 
FHHS-545 
FHHS-680 
FHHS-795 


PIN-OUT 
(See MODEL 
Below) 


FHH-10 
FHH-20 
FHH-27 


FHH-45 
FHH-55 
FHH-64 
FHH-127 
FHH-182 


FHH-270 
FHH-410 
FHH-545 
FHH-680 
FHH-795 


PIN-OUT TABLE 


OUTPUT 
16 
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CASE GROUND 


All Other 


ALAR we Garl® 
@e¥ BBR. YU 
CSE LURE ED 


a wicron AVE CORPORATION 


24 PIN - THROUGH HOLE MOUNT 
HIGH SUPPRESSION 


9.63-11.8 8.5-12.85 

19.26-23.6 17-25.70 
27-33 24-36 
40-50 35-56 


45-56 40-62 
54-67 48-74 
63-77 56-86 
125-160 110-175 
180-230 155-250 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies, please contact Synergy directly. 


LEADLESS SURFACE-MOUNT MODELS 
HIGH SUPPRESSION 


9.63-11.8 8.5-12.85 

19.26-23.6 17-25.70 
27-33 24-36 
40-50 35-56 


45-56 40-62 

54-67 48-74 

63-77 56-86 
125-160 110-175 
180-230 155-250 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies and impedances please contact us. 
Impedance is 50 Ohms for all models. INPUT 


For pin location and package outline drawings, see back pages. 1 
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FBP-11 
FBP-21 
FBP-30 
FBP-45 


FBP-50 
FBP-60 
FBP-70 

FBP-140 

FBP-200 


FBS-11 
FBS-21 
FBS-30 
FBS-45 


FBS-50 

FBS-60 

FBS-70 
FBS-140 
FBS-200 


PIN-OUT TABLE 


OUTPUT 


16 


CASE GROUND 


All Other 


PaN VIAN ALTA 


SS AMA AA A 
ROWAVE CORPORATION 


a FILTERS 
BANDPASS 


LEADLESS SURFACE-MOUNT MODELS 


CENTER INSERTION 35 dB 


FREQUENCY LOSS (dB) PASSBAND BANDWIDTH PIN-OUT 


(MHz) (MHz) (MHz) (See Below) 


10.2 - 11.2 5.1 - 22.5 oO: FNS-10.7 
20.3 - 22.5 10.2 - 45.0 0: FNS-21.4 
28.5 - 31.5 14.3 - 63.0 .0: FNS-30 
42.8 - 47.3 21.3 - 94.5 5: FNS-45 


47.5 - 52.5 23.8 - 105 10: FNS-50 
57.0 - 63.0 28.4 - 126 Hop FNS-60 
66.5 - 73.5 33.3 - 147 heh FNS-70 
95.0 - 105 47.5 - 210 0: FNS-100 
114 - 126 57.0 - 252 15: FNS-120 


133 - 147 66.5 - 294 10: FNS-140 
152 - 168 76.0 - 336 0: FNS-160 
171 - 189 85.5 - 378 .0: FNS-180 
190 - 210 95 - 420 Bs FNS-200 
238 - 262.5 119 - 525 say FNS-250 


285.7 - 315 142.8 - 630 5: FNS-300 
333.3 - 367.5 166.7 - 735 0: FNS-350 
380.9 - 420 190.5 - 840 0; FNS-400 
428.6 - 472.5 214.3 - 945 Say FNS-450 
476.2 - 525 238.1 - 1050 0! FNS-500 


CENTER INSERTION 35 dB PIN-OUT 
FREQUENCY LOSS (dB) PASSBAND BANDWIDTH * 


(MHz) (See Below) 


(MHz) (MHz) 


lot 10.2 - 11.2 5.1 - 22.5 1.5:1 1 FNP-10.7 
21.4 1.7 20.3 - 22.5 10.2 - 45.0 hoa 124 1 FNP-21.4 
30.0 l-F 28.5 - 31.5 14.3 - 63.0 1.5:1 124 1 FNP-30 

lets 42.8 - 47.3 21.3 - 94.5 q.5:1 1 FNP-45 


50.0 17 47.5 - 52.5 23.8 - 105 Tort 124 1 FNP-50 
60.0 17 57.0 - 63.0 28.4 - 126 Tet 124 1 FNP-60 
70.0 ad 66.5 - 73.5 33.3 - 147 1.5:1 124 1 FNP-70 
100 20 95.0 - 105 47.5 - 210 41.5:1 124 1 FNP-100 

2:1 114 - 126 97.0 - 252 5st 1 FNP-120 


: 133 - 147 66.5 - 294 1.5:1 1 FNP-140 

160 PO 152 - 168 76.0 - 336 1.5:1 124 1 FNP-160 
180 2k 171 - 189 85.5 - 378 leet 124 1 FNP-180 
190 - 210 95 - 420 1.5:1 FNP-200 


NOTE: All units meet or exceed applicable MIL-F-18327. 
For other frequencies and impedances please contact us. CASE GROUND 


Impedance is 50 Ohms for all models. 


16 All Other 


For pin location and package outline drawings, see back pages. 
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40 dB 
PIN-OUT 
BANDWIDTH cner 
(MHz) (See Below) 


FIS-10.7 
FIS-21.4 
FIS-30 
FIS-45 
35.0 - 65.0 15.8 - 150 FIS-50 


42.0 - 78.0 19.0 - 180 
20.3 - 210 
30.3 - 300 
36.0 - 360 
98. 0- 182 42.7 - 420 


20 dB 40 dB 
PIN-OUT 
BANDWIDTH BANDWIDTH MODEL 
(MHz) (See Below) 


5 7.49 - 13.9 3.40 - 32.1 FIP-10.7 
a) 14.9 - 27.8 6.80 - 64.2 FIP-21.4 
ls 21.0 - 39.0 9.30 - 90.0 FIP-30 
5 31.5 - 58.5 13.0 - 135 FIP-45 
5 35.0 - 65.0 15.8 - 150 FIP-50 
oO 42.0 - 78.0 19.0 - 180 

AS) : 20.3 - 210 

A) 30.3 - 300 

oO 36.0 - 360 

re) 98. 0- 182 42.7 - 420 FIP-140 

NOTE: All units meet or exceed applicable MIL-F-18327. PIN-OUT TABLE 
For other frequencies and impedances please contact us. INPUT OUTPUT CASE GROUND 


Impedance is 50 Ohms for all models. 
For pin location and package outline drawings, see back pages. 


1 8 All Other 
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MALARil we garul® 
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FREQUENCY RANGE: I - 1000 Miz 

DC BLOCK DUAL BLOCK 
Because of their inherent high breakdown potential, the 

DC Blocks are ideal for applications where a high voltage, 


DC or AC up to 20 KHz, must be rejected from the RF 
signal path. Leakage from modulating signals can occur via 


AC power lines, through ground loops, or along poorly 
grounded coaxial cables. These leakages can impair the SINGLE BLOCK 


accuracy of RF measurements, and or signal purity. 


FREQUENCY INSERTION LOSS VOLTAGE 
RANGE BREAKDOWN 
(MHz) 


0.06/0.20 0.04/0.20 0.10/0.20 1.12:1/1.20:1 
0.12/0.20 0.10/0.20 0.12/0.25 1.18:1/1.25:1 


0.20/0.30  0.10/0.20 0.40/0.50 1.40:1/1.50:1 
0.25/0.40 0.15/0.30  0.30/0.40 1.18:1/1.25:1 


NOTE: For different connector requirements, please contact Synergy. 
Impedance is 50 Ohms for all models. 


LF to 10 LF 
10 LF to HF/2 


HF/2 to HF 


For package outline drawing, see back pages. 


1.08:1/1.20:1 1.12:1/1.25:1 BLK-711N 
1.12:1/1.20:1 1.20:1/1.30:1 BLK-721N 


1.10:1/1.20:1 1.40:1/1.50:1 BLK-712N 
1.23:1/1.32:1 1.35:1/1.45:1 BLK-722N 


ALAR we aark® 
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eT BEE. YU 
<5 Eb LURE 
MICROWAVE CORPORATION 


SE SILICON BIPOLAR 
W) MONOLITHIC AMPLIFIERS 


ELECTRICAL SPECIFICATIONS 196 € 


Operating Frequency: - - DC - 2000 MHz 


Gain (dB): i i 
i) 400 MHz: fee ie aa 
500 MHz: ; } 165 
1000 MHz: 


15.0 
2000 MHz: 10.0 


Typical Output 1 dB Comp Pt.: 
100 MHz: +14.8 dBm 
500 MHz: +13.7 dBm 


1000 MHz: i : +11.8 dBm 
2000 MHz: : : +10.5 dBm 


Typical VSWR: 
100 MHz: 


500 MHz: 
1000 MHz: 
2000 MHz: 


Typical Noise Figure: 
¥P ° 100 MHz: 


500 MHz: 
1000 MHz: 
2000 MHz: 


1 DB COMP. PT. OUTPUT (DBM) NOISE FIGURE vs. FREQUENCY 

lll bil eed gM Tiles = 
=--SBA-1 --SBA-1 =-=SBA-1 

= =] “Te 

Ah SBA-3 
Conic Ni a a Tm EIT TAT 
i Siliilmiiinaaild Ball 


=a = tO wd 
o ua o a 


NOISE FIGURE (db) 


1 DB COMP. PT. OUTPUT (DBM) 
a 


INSERTION POWER GAIN (dB) 


a. 
100 1000 10000 100 1000 10000 100 1000 40000 
etc (MHz) recencr (MHz) ee ce (MHz) 


PaN VAN A TAG 


-.7 BREE 
STABLY LAN | 
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SS SILICON BIPOLAR 
Wl MONOLITHIC AMPLIFIERS 


TYPICAL BIASING CONFIGURATION = 7V (min) 


Rpias 


RFC Coptional) 


MAXIMUM RATINGS 


0,028 


0.005+0.003 Device Current 60 mA 
Total Power Dissipation, 
T, < 99°C 250 mW 
RF Input Power P 10 dBm 
SOT-143 Package T, = Case Temperature 
NOTE: Junction Temperature 150°C 
UNLESS OTHERWISE SPECIFIED, Ambient Temperature -45 to +85°C 


TOLERANCES ON THREE if 
teeiety BUACES «40005 Storage Temperature 65 to +150°C 


0,019 


MALARil Fa aars® 
2 8 BEER E. 
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NY ATTENUATORS / SWITCHES 


Through-Hole 
8-PIN RELAY HEADER 


FREQUENCY INSERTION (dB) LOSS ISOLATION (dB) LOSS 1dB 
RANGE COMP PIN-OUT 
(MHz) XMB FULL BAND LB MB UB PT.(dBm) (See Below) 
LF-HF TYP/MAX TYP/MAX TYP/MAX TYP/MAX TYP/MAX : 


1-200 1.4/2.0 65/50 2usec 
5-400 5.5/6.5 75/70 10nsec 
5-450 2.5/3.5 65/50 2usec 
5-700 6.0/7.5 90/75 2usec 
10-1000 3.5/5.5 50/40 2usec 


Coaxial Connector 


FREQUENCY INSERTION (dB) LOSS ISOLATION (dB) LOSS 
RANGE 
(MHz) XMB FULL BAND LB MB UB 
TYP/MAX TYP/MAX TYP/MAX TYP/MAX TYP/MAX 


5.5/6.5 75/70 - AK-711* 
2.5/3.5 65/50 45/35 AK-703* 
6.0/7.5 90/75 80/70 AK-707* 
10-1000 3.5/5.5 50/40 40/30 AK-706* 


SWITCH 10B 
SPEED COMP 
TYP PT.(dBm) 


PIN-OUT 
(See Below) 


*Select Connector: "B" = BNC, "S" = SMA, “N" = TYPEN,"T" = TNC PIN-OUT TABLE 


INPUT OUTPUT CONTROL GROUND CASE GND 
2,5,6,7 2 


LB=LF to 10 LF 
MB = 10 LF to HF/2 
UB = HF/2 to HF 


2,5,6,7 2,5,6,7 
XMB = 2 LF to HF/2 
FULL BAND = LF to HF) 


* Connect together externally 
For pin location and package outline drawings, see back pages. 


ALAR i le wa garl® 
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ee TEST FIXTURES 
ee 


PLL Tool Kit ™ 
For Synthesizers 


¢ Unit can be mounted directly on to the fixture and 
clamped without requiring any solder attachment 
to the fixture. 


* All ports, other than programming ports are 
provided with SMA female connectors. 


* Programming ports are hard wired using a flexible 
cable with matching connector for direct connection 
to the parallel port of the PC. 


* A floppy disk containing an executable file is also 
provided along with the fixture. 


¢ Step by step instructions are given in the menu to 
help set the different parameters like step size, 
reference frequency, frequency increment and 
output frequency. 


¢ The fixtures have built-in power supply filtering. 


¢ The fixtures are rugged in construction and reliable. 


Available for package styles, 124S, 192 and 197 


ins Pe 124s 


ALAR we ears 


@YT BREE. UY 
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TEST FIXTURES 
Saas ees 


Quick Test ™ 


* Easy to use. 

* Suitable for high volume testing. 

* Compatible with different outlines of different pin layout. 
* The fixtures are rugged in construction and reliable. 


* Low cost. 


Available for package styles, 134,134S, 134J, 152, 133, 159 


¢ 


134 134S 134J 192 133 159 


Pa VU AN TL IG 
BHM. Se 


=-=.7 
S23 EB LUE 
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ES OUTLINE DRAWINGS 


101 


0.150 MAX 


¢.012/.020 


0.100 8 PLs 0.200 


ODD COLOR BEAD PIN 1 


LAYOUT FOR PRINTED 
CIRCUIT DESIGN 


Pear? 


po 0070 0.580 
0.140 EB : | iB 
a 0.200 


©) 


0.237 
0247 0.100 8 PLs 


ODD COLOR BEAD PIN 1 


MAX. 


jt 0.290 


LAYOUT FOR PRINTED 
CIRCUIT DESIGN 


bead? 


| 
| 
0.190 TYP. | Aale 
} BOTTOM VIEW| 1 y Pj pt oo70 | 
| 0140 ff Bad me 
-#—— 0.840 
FB Last o200 


Unless otherwise specified, tolerances shall be: .x +.1 PaN\ VA Nia .Lt, \V@) 
xX +.03 = EBREE. YU 
OX +.015 SABLA A 
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SF OUTLINE DRAWINGS 


0.390 
0.405 F 
p| 0.237 | 


ODD COLOR BEAD PIN 1 0.248 
ODD COLOR BEAD PIN 1 


LAYOUT FOR PRINTED CIRCUIT DESIGN 


4PLs0.04 
4PLs0.100 


.255/0.240 


ODD COLOR 
BEAD PIN! | QDD COLOR BEAD PIN 1 


ODD COLOR BEAD PIN 1 


0.136 THRU-HOLES (4 PLACES) 


Unless otherwise specified, tolerances shall be: .x +1 CALA we aarl® 


x +.03 =a oP. 
OX +.015 WE LURE ED 
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ES OUTLINE DRAWINGS 


113 


pee tes =| 


M#0.125 
| (8 PLACES) 
ed 


(4 places) 0,105 


is 


THRU-HOLES 


0.2 30MAX 


Unless otherwise specified, tolerances shall be: .x +1 MAILIP Fa aul 


xx +.03 @-3 BBE. UY 
XX +.015 \ FAB ANN | 
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SE OUTLINE DRAWINGS 


1.250¢SQUARE> 
(8 PLACES) 0.125 


48 2,000 1,500 
WY 


© 
8 
6 
© 
4 
© 
2 


©) 


0.100 8 PLs 0.200 
ODD COLOR BEAD PIN 1 


0.380 
0.406 


ODD COLOR BEAD PIN 1 


Unless otherwise specified, tolerances shall be: .x +1 TALE Fa Garsle® 


xXx +.03 -..37 BREE. UY 
Xx +.015 wt TERE BD 
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OUTLINE DRAWINGS 


AN) 
yy, RECOMMENDED 


RECOMMENDED 
MOUNTING : .670 MOUNT ING 


ZA SG Yi) 
Yi SG Yi) 


165 


ZA 


Unless otherwise specified, tolerances shall be: .x +1 PaN VN TG 
x +.03 2. UT Bib. B 
OK +.015 WU UUme 
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0.1S0MAX 


HATCHED AREA IS MASKED 


—e| e-ccsocre,) § PIs. 1 0.150 max. 
i ae = PIN_OUTS 
] ws PIN 1 : INPUT 


PIN 2,3 & 4 : OUTPUTS 


ALL OTHERS GND. 


BOTTOM VIEW 


PLATED THROUGH 
(12 LOCATIONS) 
a 68 


LAYOUT FOR PRINTED 
CIRCUIT DESIGN. 


0.160 
0.060 
4 PL. 


0.300 


DBOagd 
ae a! 
0.310 H > 0.060 
6 PL. 
LAYOUT FOR PRINTED 
CIRCUIT DESIGN. 


Unless otherwise specified, tolerances shall be: .x ay 
xX +.03 
Ox +.015 


201 McLean Boulevard + Paterson, New Jersey 07504 « Tel: (973) 881-8800 + Fax: (973) 881-8361 


09 
o 0.065 
10PL 

pees } 
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FEATURES: 

m VERY LOW PHASE NOISE 

m EXCELLENT STABILITY 

m@ COAXIAL RESONATOR 
OSCILLATOR 

@ OPTIMIZED BANDWIDTHS 

m LOOP NOISE INDEPENDENT OF 
STEP SIZE 


DESCRIPTION: 

Synergy's FN3000 series of Fractional-N 
Synthesizers consist of a transistor oscilla- 
tor with a High Q ceramic resonator at the 
base. This very low noise voltage controlled 
oscillator is synchronized using Synergy's 
ultra low noise fractional N Custom PLL chip 
with a noise floor of less than -160 dBm. The 
advanced Fractional Division N implemen- 
tation with digital compensation allows step 
sizes from 1 KHz to 1 MHz and exception- 
ally low phase noise to the carrier. 


Synergy introduces a new series of frac- 
tional-N synthesizers that offer high resolu- 
tion, fast switching and low phase noise com- 
pared to conventional PLL-based synthesiz- 
ers. They combine the best of analog and 
digital technologies to provide this enhanced 
performance. Synergy’s fractional-N synthe- 
sizers are most ideal for improved signal-to- 
noise ratio (SNR) and spurious-free dynamic 
range for cellular, PCS and similar base-sta- 
tion systems. They offer smaller step size 
(<25 kHz, smaller than the reference fre- 
quency). A variety of models is available in 
the frequency range from 50 to 3200 MHz, 
in surface-mount packages’ and 
connectorized versions, to meet the varying 
needs of the industry. 


What is Fractional-N Synthesis? 

In a conventional PLL synthesizer, the divi- 
sor N, by which the output frequency is di- 
vided for comparison with the reference fre- 
quency, must be an integer. Such a PLL has 
a channel resolution equal to the reference 
(typically 25 to 1000 kHz). In a fractional-N 
synthesizer, the output frequency f.,is 
given by 


f= (N+ 41/M)f 


EINER 


Available Frequency (20 MHz bands): 
Maximum Bandwidth: 

Step Size: 

Reference Input Frequency Range: 
Reference Input: 

Bias Voltage: 


Output Power: 

Output Impedance: 
Harmonic Suppression: 
VSWR: 

Typical Phase Noise:* 


Programming: 
Operating Temperature Range: 


Fig. 1 — Fractional-N Synthesizer 
block diagram 


where f is the reference frequency (typically 
5 to 50 MHz) and Nand Mare integers. From 
this equation, we produce the effect of di- 
viding f, by a non-integer, allowing step sizes 
smaller than the reference. Fractionality is 
achieved by dividing the output frequency 
by N + 1 every M cycles and dividing by N 
the rest of the time. The synthesizer toggles 
between the above two frequencies, the av- 
erage of which over a very small time inter- 
val (Such as 1 ms) is the desired output fre- 
quency. This process creates discrete spu- 
rious outputs. A digital compensation circuit 
“averages” these disturbances into a clean, 
single-frequency output, cancelling 
unwanted output frequencies (referred 
to as spurs). 


Synergy’s fractional-N synthesizer is at least 
10 times faster than a conventional synthe- 
sizer, with close-in (10 to 1000 Hz from the 
carrier) phase noise performance that is typi- 
cally 20 to 40 dB better. The close-in phase 
noise depends on the output frequency and 
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SPECIFICATIONS: PRELIMINARY 


800 - 1200 MHz 

20 MHz 

1 KHz to 1 MHz 

130 MHz / 120 MHz 

+5 dBm to +10 dBm 

Vec, = 5 VDC @ <150 mA 
Vec, = 5 VDC @ <250 mA 
Vec, = 5 VDC @<75 mA 

Vec, = 9 VDC @ <50 mA 

+5 dBm upgradable to +18 dBm 
50 Q (Nom) 

15 dBc (Min) 

1.8:1 (Nom) 

-95 dBc/Hz @ 100 Hz offset 
-100 dBc/Hz @ 1K Hz offset 
-110 dBc/Hz @ 10 KHz offset 
-130 dBc/Hz @ 100 KHz offset 
-150 dBc/Hz @ 1MHz offset 
Serial 

-20° to +70°C 


the reference. The fractional-N synthesizer 
also exhibits enhanced microphonic perfor- 
mance due to the wider loop bandwidths 
used. Wide-ranging loop bandwidths (typi- 
cally 10 to 100 kHz) are possible and can 
be chosen by the user. 


The basic building blocks of a high-quality 
fractional-N synthesizer are: a VCO with low 
phase noise, frequency dividers, a dual- 
modulus divider, a phase detector, a sigma- 
delta modulator, an active LPF, and a 
buffer amplifier (optional), besides a high- 
quality, external reference-frequency source. 
Fig. 1 shows the functional block diagram of 
Synergy’s fractional-N synthesizer. 


improved Phase-Noise 
Performance 


In general, different portions of a PLL syn- 
thesizer determine its close-in and far-from- 
carrier phase-noise performance as follows: 


¢ At offsets within the loop bandwidth, the 
phase noise is determined by the loop 
components, such as dividers, the 
phase detector, other active compo- 
nents, and the external reference 
source. The resultant noise level at the 
phase detector is deteriorated at the out- 


put by 20 log(N). 


CALA wa garl® 
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At offsets outside the loop bandwidth, 
the phase noise is determined solely by 
the quality of the VCO. 


In conventional PLLs operating at small step 
sizes, the division ratio is large because the 
step size must be equal to the reference fre- 
quency at the phase detector. As a result, 
significant phase-noise degradation occurs 
according to the 20 log(N) relationship. At 
the same time, because the loop bandwidth 
must be narrow enough to provide sufficient 
reference suppression, the frequency span 
over which the loop controls the system's 
phase-noise performance is restricted. Also, 
narrower loop bandwidths equate to slower 
switching speeds. 


In a fractional-N synthesizer, the division 
ratio is much smaller, due to the fact that the 
comparison is done at a much higher fre- 
quency (typically 50 MHz) compared to the 
step size, thus minimizing the 20 log(N) 
phase-noise degradation at offsets within the 
loop bandwidth. Because the reference fre- 
quency at the phase detector can now be 
much higher for small step sizes, the loop 
bandwidth can be much greater, reducing 
switching time and widening the frequency 
span over which the loop controls the 
system’s phase-noise performance. This 
results in the simultaneous achievement of 
low close-in phase noise and fast switching 
even with smaller step sizes (<25 kHz). To 


Phase Noise - dBc/Hz 


derive the full benefits of the fractional-N 
synthesizer utilizing a three-stage sigma- 
delta modulator, it is recommended to use a 
quiet high-frequency reference source to 
achieve excellent phase noise performance. 
Figures 2a and 2b show the phase-noise 
plots for fractional-N and conventional syn- 
thesizers, respectively. 


Who Needs Fractional-N 
Synthesizers? 


Synthesizers are found in most wireless 
applications: from battery-operated cellular 
and cordless telephones to wireless net- 
works, base stations and commercial test 
equipment. Fractional-N synthesizers, 
based on advanced digital circuitry, 
offer much higher resolution compared 
to traditional synthesizers based on 
multiloop techniques. 


Typical wireless applications require 
steps of: 

* 5 kHz * 15 kHz * 25 kHz 

* 30 kHz * 50 to 1000 kHz 


1K 10K 
Offset frequency - Hz 


Fig. 2(a) — (b) phase noise of a conventional synthesizer 


100K 


or arbitrary sizes and offsets. The fractional- 
N technique can be enhanced to provide 
quasi-arbitrary resolutions of better than 7 
millihertz (mhz). It can replace complicated 
multiloop synthesizers in any type of re- 
ceiver, signal generator, or synthesizer- 
based system. 


With an upper frequency limit of about 3 to 
3.2 GHz, Synergy’s fractional-N synthesiz- 
ers are well-suited for such critical applica- 
tions as low-noise signal generators. They 
can compete with a large number of synthe- 
sizers on the market, and can also be 
used as a building block for OEM synthe- 
sizer designs. 


For further information and detailed tech- 
nical specifications, please contact our 
sales department. 


Phase Noise 


10.0 100.0 1.0 k 


10.0 k 


100.0 k 1.0M 10.0 M 


Fig. 2(b) — Phase noise plot of fractional-N synthesizer using 
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GENERAL TERMS AND CONDITIONS 


1. AGREEMENT TERMS 

The terms and provisions of this acknowledgement shall be controlling, and any objections to any term herein, including provisions 
which are in addition to or different from those contained in the buyer's forms, must be in writing and shall not be deemed timely unless 
received by Seller within a reasonable time, which is agreed to be within ten (10) business days from the date of mailing of this Agreement. 
lf Buyer makes timely objection to any term herein, Seller shall have the right to withdraw its acceptance of this Agreement. Buyer's 
failure to object as specified will be deemed conclusive acceptance of all the terms and conditions of this acknowledgement. No 
acceptance by the Seller of any order shall be deemed as acceptance of any provisions of the Buyer's purchase order form. No purchase 
order written or oral will modify this Agreement, including these terms and conditions, unless specifically agreed to in writing, by Synergy 
Microwave Corporation. The invalidity of any provision of this Agreement shall not affect the validity of any other provision. 


2. PRICES AND TERMS 
Price, terms and availability of merchandise are subject to change without notice, including and not limited to changes caused by 
fluctuations in market price, availability or changes beyond Seller's reasonable control. All invoices are due and payable 30 days from 
the date of invoice. If in Seller's judgement, the Buyer's financial condition does not justify the terms of payment herein specified, 
Seller may require full or partial payment in advance of either production or shipment. If such payment is not made, Seller may cancel 
any part of the outstanding order. 


3. TAXES 
The prices applicable to this order do not include any allowance for federal, state, local or any other sales tax which may apply to 
the transactions contemplated by this order. The amounts of such taxes shall be payed by the Buyer. 


4. SHIPMENTS 

Shipment dates are based upon Seller's best judgements and are subject to factory schedules and production limitations. Every 
possible effort will be made to assure that the scheduled delivery dates are met. Accordingly, Seller can assume no liability, 
consequential or otherwise, of any sort or nature, resulting from any delay caused by act of God, fire or other casualty, accident, strike, 
shortage of labor or materials, governmental action or other cause beyond Seller's control. The time for Seller's performance shall 
be extended by the period of any such delay. Seller reserves the right to apportion its production among its customers as it may determine. 
Shipments will be made via requested shipment mode. When shipment mode is not specified by the buyer, shipments will be made 
via U.P.S. prepaid and bill. The F.O.B. is Paterson, N.J. 


5. WARRANTY 
SYNERGY MICROWAVE CORPORATION warrants that the components to be delivered shall, at the time of delivery, be free from 
defects in material and workmanship. Synergy's obligation under this warranty is limited to the repair or replacement of the defective 
parts; all freight costs to and from Synergy's plant will be paid by the buyer. This warranty shall remain in effect for the period of one 
year from the date of shipment. Synergy shall have no liability for special, incidental or consequential damages resulting from improper 
use, negligence or accident, complete or partial disassembly of the components will void this warranty. 


A fee to cover the analysis costs on the returned components under this warranty will be charged to the buyer if, when after examination 
by Synergy, the components are found to meet the specifications or have failed for reasons not covered by this warranty. No returns 
will be accepted by Synergy if the proper Return Authorization Number is not attained from Synergy prior to returning the damaged 
devices. 


The warranty stated herein is exclusive and in lieu of other warranties expressed or implied. 


6. PRODUCT SPECIFICATIONS 


Specification changes are subject to acceptance by Synergy, including price revisions and any adjustments necessary to cover 
material procured, processed and labor expended prior to receipt by Synergy of revised specifications. Published specifications are 
subject to change without notice and may be verified for correctness by contacting Synergy Microwave Corporation directly. 


7. INSPECTION 


Buyer shall have the right and shall be given the opportunity to inspect the goods at Synergy's facility and prior to shipping, for a 
nominal fee and shall be so conducted as not to interfere with Synergy's normal operations. Such inspection, must be stated in the 
Buyer's acknowledgement and shall have been previously quoted in writing by Synergy. 


8. FAIR LABOR STANDARDS ACT 


Synergy certifies that all items shall be manufactured or furnished in accordance with the applicable requirements of the Fair Labor 
Standards Act of 1938, as ammended. 


9. SELLER'S LIABILITY 
Buyer shall not in any event be entitled to, and Synergy shall not be liable for indirect, special, incidental or consequential damages 
of any nature, including and not limited to loss of profit, promotional or manufacturing expenses, overhead, injury to reputation or 
loss of customers. Buyer's recovery from Seller, for any claim shall not exceed Buyer's purchase price for the products, irrespective of 
the nature of the claim, whether in contract, tort, warranty or otherwise. 


10. ATTORNEY'S FEES 


lf any litigations are brought to inforce any rights created hereby, the prevailing party shall be entitled to attorney's fees and cost. 


11. GOVERNING LAW 


All rights and obligations shall be governed by the law of the state of New Jersey, United States of America. 


12. CANCELLATION 


Buyer may cancel orders by written notification, provided that the agreed upon price of all products which are completed, 
manufactured, and allocable to this order, at the time of receipt of such notice of cancellation is payed to Synergy. The Buyer will 
also pay Synergy for all costs direct or indirect, which have been incurred by Synergy for products that have not been completely 
manufactured at the time of receipt of cancellation. Wherever possible and to minimize such costs, Synergy will attempt to divert 
completed parts or work-in-process from cancelled orders to complete other orders. Orders for custom parts are non-cancellable, unless 
agreed to by Synergy. 


SYNERGY'S FEDERAL SUPPLY CODE NUMBER IS 63155 
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